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PREFACE TO THE FIFTH EDITION. 


I\ the preparation of the fifth edition of this book the authors 
have atteniptciJ to bring the subject matter up to date, and to 
present briefly such advances in diagnosis and tcclmitpje jis have 
appeared since the last publication. It is our purpose, as in the 
past, to present a brief survey of the field of roentgen-ray diagnosis. 
Siiclt a stirvey can do little more than cover the essentials of the 
subject; more detailctl textbooks, monographs and liteniture may 
be relied upon to supply further data, if reriuired. The references 
have been particularly selected with this purpose in view. 

Some of the illustrations ha>e been chosen ns typical lesions, 
whereas others present only momentary phases of constantly chang* 
ing and extremely variable processes. 'Hie beginner, therefore, 
should not attempt to make his diagnosis by a comparison of his 
own films with those rejiroduced in the text. 

A thorough kno^\ledge of pathology is a fundamental requisite 
to success in his work. The student should miss no opportunity 
of correlating the roentgen-ray etidence with the anatomic findings 
whenever it Is possible. Constant collaboration witli the other 
branches of medicine and surgery is equally necessary and profitable. 

The authors again wish to acknowledge the privilege of ])Hbli3hing 
illustrations from the files of the roentgen-ray departments of the 
following institutions: The Mnssacimsetts General Hospital, Bos- 
ton; the Hospital for Children; Sliriners' Hospital for Crippled 
Children; Un^^’eI3ity of California and St. Luke’s Hospitals, San 
Francisco. 

G. H. 

H. E. R. 
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KOENTGEX INTERPEETATIOX. 


IXTROnUCTION. 

It cannot be emphasized too strongly in the beginning: (1) that 
roentgen images are shadowgraplis; (2) that they are the record of 
the t’arjnng opacities throijgh which a btindic of rays pass; and (3) 
that they are subject to the possibility of erroneous deductions con- 
sequent upon the fact that they are shadows. 

Objects arc visible only when they differ in density from their 
surroundings. The outline of the heart is distinct against the ai> 
died lung surrounding it, whereas the uterus, of similar density, is 
lost in Uie shadow of the pelvis. 

Furthermore, the roentgenogram is a projection on a flat surface 
of cverjihing on every plane between the film and the target of the 
tube. In addition to the patient, this includes opaque objects upon 
the filters, the clothing of the patient and tlie envelope of the film. 
The shadow of a rounded bone with ridges on opposite sides will 
appear upon the film as a fiat image with two dense lines represent- 
ing the ridges lying side by side. It is therefore essential that the 
roentgenologist become familiar witli the projected appearances of 
anatomic structures, so that he may be able to visualize from a flat 
film tlie relative depth of objects seen upon it. The study of 
stereoscopic films in this connection b of great value in the develop- 
ment of accurate visualization. 

Another source of po^ible error lies in the fact that divergent 
rays are employed almost exclusively in roentgenology. Parallel 
rays, except in the determinations of the size of the heart, are seldom 
used. 

Ordinarily images are produced by a tube relatively close to the 
film, and the objects in the path of the rays are distorted according 
to their position with reference to the film. Objects in contact 
with the film give images of actual size, and are sharply outlined. 
Objects at a distance from the film appear haz^' and proportion- 

(13) 
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atel\ jncreasttl in size. When a wule field of illumination is ero- 
plo\ed, the central rajs are practically parallel, hut at the marpins 
of the field they strike obliquely, producing a distortetl image. 
This is particularlj evident in views of the spine, in nhich one or 
two bodies in the center of the film arc nell outlined, whereas 
others abuse and below obscure one another to varying degrees. 
It is custoroarj-, therefore, to limit the rays as much as possible to 
the central bundle bj the use of diapliragnjs. and to place the area 
under observation as near as possible to the film, .\nother advan- 
tage to be gained bj the use of diaphragms is that the films obtained 
thereby arc brighter. Evervthing in the path of the rays gives 
off sccondarj radiation and scatters the primary beam in the same 
manner as light is scattered bj fog. This secondary and scattered 
radiation tends to obscure the image produced by the priraary^rays, 
therefore, the area of tissues exposed to the rajs should be rerluced 
to as small a field as possible, unless a grid diaphragm of some type 
is employed. Tins will eliminate scattered radiation and give bright 
images, but the distortion due to oblique rays is olwajs present 
toward the edges of the larger films, ^^'hcn small films are us«l, 
this diveigcnce of rays is of no great importance, as all the raj*s 
striking the film are practically |)erpendicubr to it. 

-•kdxantage may be taken of this divergence of rajs in some exam- 
inations by placing the patient in a position so tliat tlie areas to be 
examined lie along a cur\e. the center of which is the focal spot of 
the tube. For example, the tlioradc spine is well projected in its 
entire length with the tulie anterior to the patient, whereas in the 
lumbar spine only one or two bodies can be elcarlj* outlined witli 
the tube in this position. To demonstrate lumbar IkkIIcs to the 
best advantage on one large film, the patient should lie face down 
upon the film, e.\cept, of course, in the case of a patient with a large, 
thick abdomen. Similarly, better projections of carpal or tarsal 
bones maj- be obtained if the dorsum is in contact with the film, and 
the incident raj’s are directed to the palmar or plantar surface. 

AMien the Bucky diaphragm is not used, small cones aud films 
should be the rule, except in the extremities when the entire extent 
of a long bone is desired. In this case no large amount of tissue 
thickness is inx'olved, and the errors of distortion can be minimized 
by placing the tube over the point of chief interest. 

It is obvious that the part under m\%stigation should be as nearlj’ 
as possible in contact with the film, e. g., the cladcle should not be 
taken upon films placed behind the scapula. 
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A roentgenoprnm showing only one view is an isolate! observa- 
tion, and is to l>c rclie<l upon less, perhaps, than a single observation 
in any otlier branch of nio<licine. 

In so far as possible, films should obtained in planes at right 
angles to each otlier. In many cases a scries of films obtained 
from various angles will be rcquirc<l to establish a diagnosis. In 
studies of the skull, tlic spine and the region of the joints, this 
should be a routine procedure. 

Tlicre are several rules whicli form the basis of successful roentgen 
interpretation: 

(1) Become familiar with the projc“ct«i appearances of normal 
structures. 

(2) Tse routine positions for all examinations ns far as possible. 

(3) ^Do not attempt to include everything on one large film. 
Several small films are preferable. 

(4) Do not make a diagnosis before cvcrithlng possible has been 
done. Thoroughness is absolutely essential. 

(6) Do not express an opinion on poor films. 

order to avoid confusion in the use of the terms "increased" 
and "diminished density,” it should lie borne in mind that when 
they occur in the text they apply to the tissues of the patient. 

"Increasetl density” means the loss of transparency to the rays, 
nith a corresponding light area on the roentgenogram ; and "dimin- 
ished density” means increased radiability, with corresponding 
darkening of the film. 

Many of tlie illustrations in the text are positives of the original 
roentgen negatives, therefore, their values are the reverse of those 
in the roentgenograms. 


niDtiOGUAPirv, 

Andrew. F. D. ntid Warren. S. I.,; Distortion In noentfsenograins Taken at 
%'arioU8 Tareet Film Distancos. Aw. Joar. Ilocate^ol , 22, 212, 11)29. 



CHAPTER I. 


CONFUSING SHADOWS AND ARTEFACTS. 

TntRE are many shadows in films of tlje normal which may cause 
errors in interpretation. Their significance is obvious when they 
have once been recojmizcd, but the beginner is prone to attach 
undue importance to them, particularly when they occur in regions 
to which his attention has been directed by the clinical picture. 
In case of doubt it is always wise to take films of corresponding 
parts, or to compare them with other films of the same region in 
other individuals. 

Lines Mistaken for Fractures. — ^Tlie most common error here occurs 
with the epiphyseal lines, which appear as a definite break in the 
continuity of the hones. It is therefore essential for the roentgen- 
ologist to have a complete knowledge of the time of appearance of 
the various centers of ossification, the location of epiphyseal lines 
and the appro'omate age at wbidi they disappear. , 

When one bone overlaps another, or tlie edge of a muscle bundle 
crosses a bone, there may be a thin, sharply drawn black line whicli 
at tiroes resembles a fracture. This appearance is often noticed in 
the transverse processes of the lumbar vertebne where Oie inner 
margin of the psoas muscle crosses tliem. 

A third possibility of error is furnished by tlie markings due to 
bloodvessels, whicIi are particularly evident in the skull, where the 
course of the middle meningeal artery appears as a tortuous groove 
behind the coronal suture and is more or less sharply outlined. 
The venous channels in the diploe of the skull provide another set 
of dark lines, irregular in their course and indefinite in outline. 
In the long bones there is ordinarily a definite groove where the 
nutrient arterj’ enters the shaft, which may be mistaken for a 
fracture when seen in profile, as, for example, in the phalanges of 
the hands and feet. It is weD, therefore, to be familiar with the 
anatomy of these vesseb. 

An accurate knowledge of the location and appearance of the 
sutures of tlie skmll will prevent their mbinterpretation. The lower 
portion of the lambdoid suture b often mistaken for fracture of 
the base. 

Variations in skeletal development may be mistaken for frac- 
tures. The\ are usually bilateral but not necessarily so. 

(16) 
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Divi(}«I 6Cj.i»K»id IwfJOs nit* a aimmori evnrnple. The internal 
fccsamoid of the great toe is frequently divided transversely into 
two romulcil masses. The patella mat tlevclop from several ossi- 
fication centers which fail to unite. Siipermunerary bones arc 
common in the Iiamls and feet and must not be mistaken for chip 
fnjctims. Small sc|)amte l>i>ne> are orcasionall^i seen along the 
upper margin of the acetabulum. Any of the several centers of 
ossification in the vertebra* ina\ fail to unite and at times thej are 
difficult to distiiiguisfi from old fractures. Recent fractures usually 
Iia^e a more clean-cut and sharply defiiieil outline. 

The characteristics of a fracture line which arc usually sufficient 
to identify it arc: (1) it is a dense black with sharply cut margins; 
and (2) its course is usually irregular and, partiailarly in the skull, 
at variance w ith that of the bloodvessel markings. 

Roa^heaise of the Marcias of Boaes Mistaken for Periostitis. — 
Frequently there is a thin plate of bone extending out on the inter- 
muscular septum where bone and fibrous tissue meet, as, forcvample, 
lietaeen the tibia and fibula, or radius and ulna, which seen in 
profile is quite suggestive of periosteal proliferation, and one must 
be careful to difTcrentiate this condition from a true periostitis. 

A similar process is prone to occur at the attachment of tendons, 
such as the tendo Aclnllis, the triceps, along the margin of the iliac 
crests, along tlic linca aspera of the femur and about the external 
ocdpital protuhcranccs of the skull. Tlierc is very commonly a 
roughening and slight proliferation along the margins of the pha- 
langes of the hands, which is without significance. The flange 
behind the intercostal groove on the inferior margin of the ribs 
posteriorly is often exaggemted and suggests n periostitis. The tibial 
tubercle may be somewhat widened and its lateral margin projected 
ovitside the outer bonier of the tibia a short distance below the head, 
and it is frequently mistaken for a localized proliferation of peri- 
osteum. There is normally a variable amount of roughening on 
the inferior maigin of the pubes and ischial tuberosities. 

A true periostitis appears as a more or less extensive deposit of 
new bone upon a normal-appearing cortev. This deposit may he 
laid down in multiple, thin lamella?, giving it a delicately stratified 
structure, which is a form frequently seen in lues; or it may be a 
low, irregular fringe, as seen in some forms of osteomyelitis. 

Calcifications. — Calcium deposits cast a dense shadow wherever 
they occur. They liave an extenrive distribution in the body out- 
side of the bony structures, particularly in cartilage. Here the 
2 



IS COXFUSING SHADOWS AXD ARTEFACTS 

deposit occurs in irregular plaques in and about the surface leaving 
the center transparent. This is Jwst seen in the costal cartilages 
which appear in chest, spine, gall-bladder and kidney films. These 
shadows are without significance and their nature is, as a rule, 
easily determined. 

Calcification also occurs in the same manner in the cartilages of 
the kr>nx, and is easily recognizable in lateral views of tlie neck. 
In anteroposterior vien s of this region, however, they are projected 
upon the lateral masses of the ocr\icaI vertebra* and luavc been 
mistaken for hjTiertrophie changes in the spine or calcified x’ertcbral 
arteries. 

Old foci of tuberculosis are common sites of calcification, examples 
of ^\hich are the irregular masses seen in bronchial, cervical and 
abdominal glands. They ate cbaraclerhed by agglomerations of 
small masses, nhicb produce tj-pical irregular, mullicrry-likc shad- 
ows. Tliey are usually multiple. Small, rounded, dense masses 
sometimes occur scattered tliroughout the spleen and may occur 
anj-nhere beneath tlie peritoneum as the end-result of localized, 
tuberculous processes. Irregular calcification is often encountered 
in tuberculous kidneys. Kxtensive sheets of calcification are some- 
times seen in the pleura, in ibeperU'atdium, and inthemj ocartlium. 

The calcification nliich occurs In arterial wall:, as a result of 
arteriosclerosis is a familiar picture. It mn\ be found in the course 
of any of the arteries, and is sometimes extensive and striking. 
Tlie age of the patient must alwaxs be mken into consideration in 
estimating its proper significance. These changes occurring in the 
internal iliac arteries may be mUtnken for stone in the ureter. 

Calcificarion appears in veins in the form of small, rounded, dense 
masses, so-called phleboUths, which represent small caldfied thrombi 
on the distal side of the vah-es. They are most common in tlie 
pehns in the region of the ischial spines where they are frequently 
mistaken for ureteral stones. Tliey may also occur in the super- 
ficial veins, particularly in the leg. Rarely calcification similar to 
that seen in arterioscIero«is may appear in varicose \ elns. 

Extensixe calcification may occur in hematomata, and is most 
commonly seen about the elbow and in the quadriceps extensor. 
It may dex-elop rather suddenly sex-eral weeks after an injuiy, and 
present an appearance on the film which may be mistaken for 
periosteal sarcoma. Whole musde groups may become calcified in 
rojositis ossificans. 



CALCIFICATIONS 


19 


Deposits of calcium ma\ form nlmut f<»rcign bo<Hes, such as silk 
sumres, the cysts of parasites ami verj* rarely within a dead fetus. 

The most common calcified parasite found scattered through the 
mnsctilaturc of the boily is the cysticercus. It ranges in size from 
4 to 8 mm. in length and \ to 2 mm. in tliamctcr. 



Fi<3. 1.— CaldGcatton lo BDgjoiaa. 


Trichina has a similar distribution. The parasites are usually 
under 1 mm. in length ami they do not calcifj’ as frequent^'. 

Dead filaria may calcify to form long, thin strands in the soft 
tissues. 

Calcification is fairly common in tumor masses nhen the blood 
supply has been obliterated, as, for example, in uterine fibroids. It 
is encountered also in other slow-grotving, benign tumors of the 
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connecth e-tissue group, such as fibromata and lipomata. It occurs 
in slow-growing, scirrhous carcinomata, m sarcoma of tlie lung, 
in some tumors in the pancreas and gall-bladder and in glandular 
metastasis. Angiomata may contain round, cyst-like masses of 
\arymg si2e, repre^enting calcified thrombi; and endotlieliomata 
may show irregular dense areas, particularly In the skull. 



Flo 2.— CalciSed rysttretrus. 


Small, tiiin plaque often occurin the dura mater and falx cerebri. 
Deposits are also seen in the jnneal, thyroid, testes, ovaries and other 
glands; and in the subcutaneous tissues of the sliins, dense scar 
tissue, and along tendons and Cfierr attacfimenfs as a resu/t of 
pre\-ious infiammation or trauma. 

Spotty areas of calcification ha\e lieen seen in the skin an<l sub- 
cutaneous tissues at the finger-tips in patients vritli Raynaud's 
disease and sclenxlerma. 

Infarcts of any of the viscera may subsequently calclfv. Dis- 
turbances in calcium metabolism or local changes in tissue chem- 
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istr.v may pnxluw a doimvU tif calcium salts in the kidneys, rar- 
tilapes, mttcfHis mcmhnifiex, vtntnnch. arteries or soft tissues. 

Concrements.— Solid calcnret>ns masses, usu-ally the result of 
chronic infection, are fcniitd in the no.se, tonsils, salivary ducts, 
appenflix, bile jwssa^res, fwncreas and ;re«ito-nrinary tract. 

BcHlics lyiiiR loose in cavities, particularly if they develop from 
an organic luicletts, pivc annular shadows. 

Teeth arc sometimes recognizable in dermoid cysts. 



Tio. 3 — Intrsmuaculat iodin in}ecUon Tli« shadow of the metallic deposit can l>o 
seen scatter^ oser that of the pelvic bones. 

Areas of Increased Density In Spongy Bone, — Small round areas 
of condensation are sometimes seen id cancellous bone. Tliere is 
no disturbance in the normal structure of the bone about them, 
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and their significance ha'^ i)ecn a matter of considerable speculation. 
'nle^ max represent old healed areas of infection, a loc-alizol 
disturbance in the prowth of tlie bone or the presence of small 
islands of cartilage which have Ijccoine calcified. Tliey have no 
clinical imi)ortance 

The tran3\erse dei se lines, often multiple, which occur alonp the 
mcdutlar\ canal towanl the ends of the long hones, are the result 
of (iisturbances in calcium metalK)lism which occurred at the time 
when the epiplnseal line was at that level; they may he lilvcncil to 
the growth rings in the trunk of a tree. 

Warts and Fibromata on the Skin. — .Any area of skin whicli presses 
heavily on the cassette will be recorded as a spot of increased density, 
common examples of wliich are outlines of tlie buttocks of a thin 
indi^^d^al in a film of the entire pelvis, the breasts of women in 
antea-oposterior films of the chest, or the cars in lateral skull films- 
In the same way warts and fibromata appear ns rounde»I areas of 
increasefl densit^. 0\er the kidney or pall-blaildcp regions thej' 
maj stronpb suggest calculi. A characteristic whicli may help 
to identify them is that they have extremclx simrp margins because 
of the fact that they arc in contact with the film. The presence of 
fibromata should always be noted in the patient’s record. 

Metallic Salts.— Bismuth or barium salts uhleh have remained in 
sinuses after injection, or in portions of the gastro-intestinal tract 
following routine examinations are occasion.nlly seen. 

Following the intraniuscubr injection of hUmuth or mercury, 
tknse shadows apjieai in the soft tissues and may persist indefinitely. 
Surface applications of iodln or mercurj- or other metallic ointments 
may ca\ise confusing shadows. 

lodin in an\ form casts a particularly dense shadow, hence its 
use in an oil compound to outline brondiial ramifications, subar- 
achnoid space, old sinuses or other body cavity, ^’arious solutions 
of iodids arc employed in pj-clopraphy, and in the demonstration 
of the pall-hladder. Bromids are similarly useful, but less opaque. 
Residues of iodized oil may be found in the spinal c-anal. tborav 
and soft tissues long after injections have been made. 

Gas. — Air or gas in the soft tissues gi\es a characteristic picture. 
In subctitaneous emphj'sema, the patient at first sight appears to 
be in a plaster cast, so striking are the alternate light and dark areas 
in the affected region. Acctimulations of gas, particularly in the 
colon where it overlies the spine, the wings of the ilia or sacrum, are 
sometimes mistaloin for areas of rarefaction in the hone. Careful 
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iHSfJcctloij tt-ilJ reveal tJie pre^ncc of normal bone structtire in the 
doubtful area, or tbo patient may Ik* nv'camiiwl. 

(ias apj>cars in the soft tisMii** early in tlie development of pas 
pjinprene. It infiltrate^) and e\i>aiuU individual muscle bundles 
and ituf<t be difrerentiate<l fnitn pockets of air wliicli may be seen 
in tbe soft tissues follow inp siirpienl operations or punctured wounds, 



Fta. 4.— Gag eaDgreoe follonm; amputation of tlie le;;. Kote tlie sharply deSoed 
hright ar«^8 in the soft tissues. 

when air is iiitrotUiced between the mviscles. This diiferentiation 
is not easy at times. 

Clothinf, Dressings and Jeweliy. — As a peneral rule, all clotbinp 
and dressings should be removctl from tbe part to be examined, 
but this is not always itossible. llte examiner should therefore 
be familiar with t)je sbarlows cast bv these ol)jects. Coloretl silks, 
especially the cheaper varieties, gi\e a peneral haziness or dense 
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lines where folds or wrinkles occur. Sheets and drapinR, if not 
properly rinseil, ma\ also produce similar shadows. ^IctalHc 
objects, such as earrinps or buttons, cause little diflicidty jf close 
to the film, hut if thej lie a considerable distance from it so that 
their shadows arc blurred, they ina> l*e misinterpreted. Karrings 
ha\ e been mistaken for tooth roots and buttons for gall stones. 

Delectire Films.— Films may show jrr^lar light or dark areas as 
a result of defects of manufacture, or fogging hy liglit, radium or 
roentgen-rays. One particularly troublesome defect is the occur- 
rence of localized crescentic light spots produced hy buckling or 
crinkling of the film before it is exposed. Spots which tend to be 
repeated on successive films are usually due to a defect in intensify- 
ing screens. or foreign material witbin the cassetteor \ipon the filter. 
Irregular patterns of incrcase<! or diminished density occasionally 
result from uneven immersion of the sensitive surface in tlic devel- 
oper. They are ^ cry sharply marked and hate long curved outlines. 
Finger-marks appear on films as light or dark spots, depending upon 
the substance present on the finger at the time of impression. 
Their presence is alwa.vs an indication of faulty dark-room technic. 
BIOLIOGRAPIIY. 

B^rb PAtbolosical CalriScation, PbvrioL Bn: , 12. lOta. 

Hb^t trt«faee« m Film«. Radi«lotDr. 24, 350. 1035. 

Klotz, 0«cab ObscMe Miliary Tub«rrle« of the Splem. Am Jour. Mrd. Sri, 
1S4. TS6, 1017. 

OCTXRBBiDCE, C tV.' ts'oQ-trraloaiatoua Dodo Forioaiion in the Unman Oraiy 
Am. Jour. Med. ScL. 181. Sf>S, 1916. 

Rcggixs. Calrifiration in .Xneiomata. Am. Jour. Tloeoteenol . 6, 513, 19)9. 

Smith Sn«>D Kutneot Canals of tV Ilpum Xlistaken for Fracture. Brit. Sorg. 
Jour., October. 1917. 



CHAPTER 11. 


ANATOMICAL VARIATIONS AND DEVELOPAIENT 

ANATOiiiCAL variations in bone structure may occur anywhere 
in the skeleton, and are of considerable importance aside from their 
interest as curiosities, for they are commonly points of lowered 
resistance. A strain or injury which would be without effect on a 
normally constructed individual may give rise to severe and stub- 
born symptoms w’hen such anomalies are present. This is particu- 
larly* true of variations in the spine, which will be considered in a 
later chapter. Anomalies are frequently multiple, e. g., spina biffda 
and rib fusions 

Skull.— The skull may show partial absence of bones or variation 
in the width of sutures, which remain into adult life. The frontal 
bone develops from two centers, and a suture line may persist in 
the mid-line between them. The occipital region may show mul- 
tiple abnormal sutures. Thin areas appearing as holes are occa- 
sionally seen in the frontal and parietal regions and along the 
sagittal suture. The sinuses and mastoids are subject to wide 
variation, from complete absence to enormous size. Cases have 
been obser\'ed in W’hich the mastoids communicated with the 
sphenoid sinus anteriorly and with each other posteriorly. Partial 
or complete absence of the cranial vault, resulting in ancephalic 
monsters, has been demonstrated before birth. 

Ribs. — Extra ribs may appear in the lower cervical or upper 
lumbar regions, or they may be attached to extra bodies. Cervical 
ribs may be of sufficient length to articulate with the sternum, or 
become attached to the first rib. They are usually longer than they 
appear on the film, due to foreshortening of their shadows. On the 
other hand, one or fhore ribs may be absent, or partially so, or 
adjacent ribs may be fused. A mild form of this latter condition 
is frequently seen near the sternal end, where a rib may flare con- 
siderably before its attachment to the costal cartilage, and this 
enlargement may or may not be perforated. 

Scapulas. — These bones considerably in thickness, and holes 

may occur in the thin repons. Unusually prominent grooves may 

( 25 ) 
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simulate fractures. There is a congenital elevation of tlie scapula 
(Sprengcl's deformity), in which a partiallj developed scapula is 
found high up totrard the neck. ITie lower mai^in of the glenoid 
may fail to de\elop or the articular surface of the glenoid may be 
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fracture of tlie scaphoid. The margins of the halves are more 
rounded and smooth, and the space separating them is not quite so 
black as in the case of fracture. TTie semilunar bone and the 
sesamoid of the thumb may be similarly divided. Proximal epi- 
physes are often seen upon the second metacarpal, less commonly 
upon the fifth. Various acccssorj" bones are sho^\^l in Fig. 7, of 
which the most common is the styloid- This bone de^’elops from 
a separate center of os^fication and is seen l>ing between the 
rapezoid and magnum, opposite the third metacarpal. 



FiQ. 7. — Cominon variations in tbe carpus. (These accessory bones may exist 
separately or be united to any of the adjacent bones.) 1, pretrapezium, 2, styloid, 
3, eubcapitatum, 4, os veialianium, 5, ulnain externum. C, radiale externum, 7, cen- 
trate; S, divided scaphoid, 9, bypolunatum, lO.epduaatum. 


. Phalaufes. — The phalanges are usually involved in generalizetl 
anomalies of development, as in acromegaly, where the phalanges 
are strong and heavy, uith a coarse cancellous structure, and the 
terminal phalanges tufted at the tip. 

In cranio-cleido dvsostosis the distal phalanges are short and 
conical, the middle phalanges short, and the proximal row expanded 
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at the base. The mctafan’*'»J=* expaniled at both ends, with 
narrow, dense shafts. These changes occur in botli hamls and feet. 
Tliere are associated defects in the skull, clavicles and pelvis. ^ 
Arachnodar tN ha presents strikingly long slender !)ones. associated 
with deformitjes of the skull ami thorav and h.vpotonicity of the 
muscles The forehead is prominent, the eyes widely spaced, the 
trunk is short, the limbs are long and slender mtli a disproportionate 
elongation of the fingers and toes- 



Variations cl the Tazsos. — ^The astragalus hears a backward pro- 
longation of variable length which often erists as a separate bone, 
the trigonum, and when present it must be differentiated from a frac- 
ture of a long process. The next in order of importance is the tibiale 
externum, a small detadied bone whidi sometimes occurs at the 
posterior end of the scaphoid on the inner side of the foot. 

The small separate center of o^fication on the outer side of tlie 
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jiostfrior cml of the fiftli motntarsal maj persist into adult life as a 
siiiali linnc called tltc \esatiamim. 

r>tvid«l scsarnoids in tlic teml<ms of tlie flexor brevis hallocis 
Wncatli tlic lien«l of the first mctaiaisal are fairly common^ Tlie^ 
must be carefully difTcrentiatwi from fracture of single sesamoids, 
w Ineli are extremely rare. Other ' nriatiotis arc outlined in Fig. S. 

The subject of variations in the hands and feet is exhaustively 
trcatctl by Duipht. 

Other Bony Variations. — In every roontpenologic practice, one 
may encounter cases of partial or complete absence of long bones, 
particularly the fibula, radius and phal- 
anges. On the other hand, supernumcr- 
arj* Itoncs, tistiaUy extra fingers or toes, 
may also be seen. Dcvclojunent may 
proceed from sc\cral ceiitcra which may 
fail to unite later. The p.atclla Is an ex- 
ample. It may slmw one or more tri- 
angular or eresecfitic masses al>ont its 
margins, which may be <li(Tcrcntiate(l 
from fractures by the fact that their 
edges are smooth and that the condition 
is ttsually bilateral. Fusion of Irenes 
jnay occur. TJiis is most frequently 
found hetween mctacarp.ah. phalanges 
or radius and ulna. .Xdjaeent cari‘ol 
ami tarsal bones may lie unitwl, and 
there i-^au hmvlitary anonml.ii in which 
the first and second phalanges of one or 
more digits may coalesce with obliter- 
ation of the interphalaugcal joint. Short terminal phalanges are 
seen on the thumbs, fingers and toes, anti sometimes single, short, 
small metatarsals or mctacarpals occur in cases of myositis ossifi- 
cans. Mongolian idiots often lm\e short middle ph.alanges on the 
fifth fingers and relatively short ulnie. Atavistic variations may 
occur as for example, the hooJeed s«pfacond..elar process occasion- 
ally found on the inner margin of the humerus above tlie elbow, or 
a crescentic sesamoid bone, the patella cubiti, found close above the 
tip of the olecranon. 

Chinese women, through ^-cars of binding of the feet, develop a 
markedly accentuated plantar arch. 
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Ossification.— Variability isalso evident in the timeofappcaranceof 
centersof ossification Ingirlsthey usually appearcarlierthanin boys. 



P]Q. 10 — CenmoQ tvutwu ta (lawral nrv). l. ui£ 0 &um: S. amt- 

M*T uhis, 3. oa runfDUculnm. 4 . tibta]»«zt«raua. $. pcrawa; C.cnx'raJiaahiBt. 


Taau or arrc^BLA'ccc or Co>tes« or O»incano'c it tsx Frm. 


Head. 

SlaadiUe 

Ocapital bocr— equamous pomoo 
lateral asd boalar 

Supenor maxiOa 

Tesitcnl boor — petrous, mastoid asd zrcoma 
Sphenoid — inner lamella of ptenroid process 
peat wjoES .... 
leser wines 
anterior bod/ 

Nasal bone 

Frontal bone 

Bony labjTinllj 

First deBtition — rudimeaia 

Hyoid bone— ereater cornoa 


. . 7tb week 

•Sib •• 
»ib to lOth “ 

. . Sti “ 

♦lb - 
9tb “ 

. . lOib “ 

IStb “ 
13tht«i4tb “ 

. . JOlb * 

StbtolOib “ 
iribtoCOtb “ 
ITtb to 2Stb - 
S9tb to 3*d " 


Clande— diaphysjs 


S\«}iUcr GtnfZe. 


Stb to 




Hpper Extrtmtly 

Humerus — diapbysis gtb wwk 

Radius — diapbyaia . . , gth •• 

Clna— diaphj-sis . gth • 

Phalanges — terminal . . _ fth ** 

basal 2d and 3d . ytb “ 

basal 4tb and 1*1 ... ... . HKb “ 

tasaS Sib Utl, to i-di - 

middle 3d, 4tb, 3d ... .... 12tb " 

middle Sth . . ... . IStbtolSib “ 

Metaesrpals — rd and 3d Sth “ 

4th Stb, let . ... . 10titol2th - 
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VerUbnt. 

Arcbes — all cervical and upper let aod 2d dorsal . 9thneek 

all dorsal and let or 2d lumbar . . . lOtb “ 

lower lumbar . 15th " 

sacral 16th to 25th “ 

Bodies from 2d dorsal to last lumbar . . 10th “ 

from lower cervical to upper eacral . ... 11th “ 

from upper cerMcal to lower eacral 12th “ 

5th sacral . . . . 13th to 28th “ 

Ist coccygeal . . . . 37th to 40th “ 

odontoid process of axis . . 17th to 20th " 

Costal processes — 6th and 7th cervical . . 2l8t to 33d “ 

5th cervical 33d to 36th “ 

4th, 3d, 2d cervical . . . 37th to 40th “ 

Transverse processes — cervical and dorsal . . 21st to 24th “ 

lumbar ... . . 2Sth to 28th “ 

Riba and Sfernum 

Ribs — 6th, 6th 7th . 8th to 9th week 

2d, 3d, 4th, 8th, 9th, 10th, lUh 9th “ 

1st . .... 10th “ 

12th (very irregular) 10th " 

Sternum 

Sternum . • . 21st to 30th week 

Pehie GtrdJe 

Ilium . . . 9th week 

Ischium— descending rsmua .... . 16th to 18th “ 

Oepube — honronta) ramus . .... . Slat to SStb “ 

Lower Etlremtlv- 

Femur— diapb>sis . ... . . 7tb to Sth »eek 

distal diaphysis . . . ... 35th to 40th " 

Tibia— diaphysis ... ... . . 8th to 9th “ 

proximal epiphi'ais . ... .... 40th “ 

Fibula . 9th " 

Os calcis 14(h to 25ih “ 

Astiatalus .... 24th to 32d “ 

Cuboid ... .... . . 40th “ 

Metatarsal — 2d and 3d . . 9th " 

4tb, 5th and 1st 10th to 12th " 

Phalanges— terminal Ist . , . . .... 9th “ 

terminal 2d, 3d, 4tb ... ... lOtfa to 12th “ 

terminal Sth 13th to 14th “ 

nasal Ut. 2d. 3d, 4tb, 5th tSthtoUth “ 

middle 2d 20th to 25th “ 

middle 3d 2lBtto26th “ 

middle 4th 29th to 32d " 

middle 5lh ... 33d to 36th “ 


The following tables give a working a%erage of the time of appear- 
ance of ossification centers after birth: 

Time of Time of 
Appearance Fusion 
Years Years 


Scapula — coracoid . . 1 16-lS 

upper glenoid and base of coracoid . ... 10 15 

acromion (two centers) ....... 15 20 

verfebral border . . .... IS 22 
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Rite— epiphjses for head and luberde 
Clancle — email epjphj sis of the atetnal end 
Humerus — head . • 

ttreater tubero*iti 
Ics-er tuberosity 
(all fuse at au jears and jaio the shaft at cighteeD years ) 


eapitetluro ... , . 1 

iDternal epicondyle & 

trochlea . .... 10 

estern^ eiueondyle ..... 13 

(The eapitelluro. trochlea and citernalepieon- 
dyle join as a mass at fifteea and the 
internal epieondy le at etshleen > eats ) 

Radius — head . C 

lower epiphysis 3 

Lina — olecranon ...... fr-lO 

Lower cpiphy "18 C 


Carpus — (in the order of appearance)- 

magnum 

uneifonn . . ...... 

cuneiform . . 

semilunar . • 

(rapetium . . 

scaphoid . 

trapesoid . . 

pisironn . . . 

Metnesrpala — epiphyses 

I’halaoeGS— epiplit ses 

PeU-is — (puhis and is<tuu-j unite at eight years, the aee* 
tabuluni elo*cs at utleen yVan).. 

epiphyses for * •» . 

crest of liium ' 

ischial lubcrosity ...... 

ontenor inferior iliac spine ...... 

tubercle of pubi> . ■ 

retmir — bead ....... ... 

greater trochanter ......... 

leS'Cr trochanter ......... 

lowerepiphy-sis . • • • • . . . 


Patella . . . 

Fibula — upper epiphysia 
lower epiphysis 
Tibia — upper epiphysis 
low er epiphysis 


Tarsus — (in order of appearaoce): 

of calcia . . 

lolus .... 

ernal cuneiform . . 

internal cuneiform . . 

middle cuneiform . 
scaphoid . . . - 

Metatarsals' — epipbyaea . 

Phalanges — epiphyses 
Sesamoids of flexor breris baUucis 


1 10 li 

3 to 3 

4 to 9 

S 

5 to 9 
(toS 
10 to 13 


3 

3 


0 

15 

1 

{ 

11 

birth 
2 to 3 
4 
2 

birth 


birth 

8 

birth 

birth 

3 

3 

4 

3 to 8 

4 to 7 


25 

IS 

IS 

IS 


17 

IS 

17 


IS 

20 

17 

20 


18 

IS 


0 


33 


IS 

IS 

17 
20 
24 
24 

18 
22 
IS 


IS 

IS 
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Vertebrse — Ossification is from three primary centers, one for the body and one 
for each lateraJ mass The nucleus for the body may be 
divided The Uminx mute during the first year Fiie second- 
ary centers are described in the anatomies — namely, thin plates 
on the upper and loner surfaces of the body and the tips of the 
mammillary tubercle, transverse and spinous processes — appear 
at the age of tneUe to fifteen years and unite at twenty-five 
The fifth lumbar vcrtelva is an exception ii^tbat it ossifies from 
five centers, one for the body, one on each side from which are 
developed the superior artteular process, pcdiele and transverse 
process, and one on each side which subsequently form the inferior 
articular process, tamina and spinous process 
These figures should not be applied arbitrarily A child, aged five years, may vary 
six months either way from the fieures given At ten years at least one year's vari- 
ation should be allowed and at fifteen years a two year allowance should be made. 
It must be remembered that some individuals do not show the same stage of devel- 
opment throughout all the epiphyses In general girls over ten years of age show 
a bone deve!or/m?nl about one year la odtance ol boys of the same age 
Appevrvnce vud Union of Bone Centers These Tables have been 
Revised PROii Those of Enoelbvch vnt> McMahon, C«ip andCilley, 
AND P C Hqdges. 


I Coracoid process scapula 

Read of humerus (six to eeven months). 

Capitate and hamate. 

Head of femur. 

Upper epiphysis tibia (birth). 

Third cuneiform. 

S Greater tubercle humerus. 

CapitcUum, humerus. 

Lower epiphysis radius 
Patella (two to three years). 

Lower epiphysis tibia. 

Lower epiphysis fibula 

First and second cuneiforms (two to four years). 

3 Os triangularis. 

Heads of metacarpals 
Heads of phalanges, hands 

Heads of metatarsals (three to seven years)- 

4 Lunate. 

Greater troebanter/emur. 

Upper epiphysis fibula (three to four years). 
Navicular (tarsal). 

6 to 6 Union of head and tubercles of humerus. 

Medisl epicondyle humerus. 

Upper epiphysis radius 
Greater multangular 
Lesser multangular (six to eight years) 
rfayfeufar (carpal) (Sve to six years). 

7 Lower epiphysis ulna 

Union of ischium and pubis. 

Epiphysis os calcis (seven to nine years). 

9 Pisiform (nine to eleven years). 

10 Olecranon, ulna 

Trochlea, humerus 

II Lateral epicondyle humerus (eleven to twelve years). 
3 
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13 

14 

15 


IQ 


16 to 


22 to 


Lesser trochanter femur. 

Olecranon — Female. 

Unjon of liesds of metacarpal* (fourteen lo fifteen j-ears). 

Eplph^5Is oa calcis— Female. 

Acromion 

Inferior angle seapt^ 

L mon of centers of acapuls (fifteen to eighteen }ean}. 

Sternal end clnMcIe (fifteen to eetenteen years). 

V mon ol lirads o{ ph^anges. ^nd 
•Appearance of secondary eenters oa eoxre 

(a) Crest of ilium (fifteen toeifihteen }ears). 

(h) AcePil'Ulum (fifteen lo sixteen }ears). 

Union of primary eenler* os roxf 
Eitemal condyle humerus — Female. 

Head of radius— Female. 

Trochanters — Female. 

Head of femur — Female 
Olecranon — Male. 

Union of 

Distal extremity humerus. 

Olecranon, ulna 
L pper epiph} ns radius 
Heads of coctatarsals 
Read* «( phalange*, feet. 

Epiphyw of phalanges and metararpals— Female. 

Epiphyeis of phalanges and Brelatarsals^Femalc. 

Epiphjei* os caleis— Male. 

Union of 

Lotier epiphysis radius. 

Leaser trochanter femur. 

Distal epiPhyeis of (be (ilna and fibula— Female. 

External eondyle humerus— Male. 

Head of radius— Male. 

Trochanters— Mate. 

Bead of femur— Male. 

Union of 

Head of humerus 
Greater trochanter lemur 
Lencer ep'phyeis tibia 

Distal eplpbystsol radius and ulna — Female. 

Greater tubcroEity of humerus — Female. 

Distal cpiphy&is of femur — Female 

Frcximid cmphyiis of tbe tibia and fibula— Female 

Epiphysis of phalanges and metscarpals— Male. 

Epiphysis of phalanges and metatarsals— Male. 

20 Uiuon o{ 

Lower epiphysis ulna. 

SecondarJ" centers tis ctnv (twenty to twenty-five years) 

Lower epiphysis femur. 

Upper epipbyris tiUs. 

Lower epiphysis fibula 
Upper epiphysis fibula. 

Distal epiphysis of tit^ and fibula — Male. 

Distal epiphysis of radins and ulna — Male 
Head of humerus— Male. 

Greater tuberosity of bumerus — Male. 

Distal epiphy sis of femur — Mate 
Proximal epiphysis of (lUa and fibula — Mate. 

25 Union of sternal end claiicde 

Hetweeii the ages of five and tnelie girls seem to run about ooe 
year ahead of the boys: after fourteen about two year* ahead. 
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Are ^s TO be Ta?:en roB Bose-Ace OsTEiiiiijjATioNa. 


1 to 5 (1) Full figure, diMded on tiro films 

(2) Hands aud feet, taken separately 

(2) Lateral knee for patella 

0 (1) Carpals and tareals. 

(2) Shoulder. 

(3) Pelns 

7 (1) Pelvis. 

(2) Carpals 

8 (1) Carpals 

(2) Lateral foot 

9 (1) Carpals 

(S) Lateral foot. 

10 (1) Elbow (lateral, anteroposterior). 

(2) Lateral foot. 

Cff lYanrf tintkroposijenon' 

U Films listed under ages ten and tweKe years 

12 (1) Elbow (lateral; anteroposterior). 

(1^ Carpals. 

13 (1) Hip. with half pelvia. 

(2) Anteroposterior elbow. 

(3) Anteroposterior hand 

14 Films luted under ages thirteen and fifteen yeavg. 

15 (1) Clavicle. 

(2) Scapula. 

(3) Pelvis (halo. 

(4) Lateral foot. 

(5) Band. 

(6) Lateral elbow. 

16 Elbow (lateral anteroposterior) 

17 PelTi's. 

18 (1) Carpals. 

(2) Tarsals 

(3) Shoulder. 

(4) Feins, with hip-joint. 

(5) Ankle (anteroposterior). 

19 Films listed under ages eighteen and twenty yei^fs, 

20 (I) Carpals. with wrist. 

(2) Knees (anteroposterior). 

(3) Ankle (anteroposterior). 

25 (1) Cla\icle. 

(2) Scapula. 

(3) Pelvis. 

(4) Knee. 
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It is well to bear in mind: (I) that epiphyses which appear last 
are the first to unite, and that tlie nutrient foramen is directe<I 
toward them; i2) that osaification begins earliest in tJic epiphyses 
bearing the largest relative proportion to tlie shaft (except the 
fibula), and (3) that when an epiphj-sis ossifies from sc\cral centers, 
the> fuse together before uniting with tl\c shaft. 

\ anations in the normal process of tlie union of epiphyses arc of 
great importance as a factor in the pro<!uction of deformities. For 
example, failure of (le\ elopment of a center in the lateral masses 
of tlie fifth lumbar may result in scoHosis. Abnormal fusing of 
the lower epiphysis of the radius produces the malformation knowTi 
as Madelung's deformity, in which the plane of the radiocarpal 
articulation is rotated inwani and forwani with a relative elonga- 
tion of the ulna, peformitics due to irregularities in development 
ha\ e been noted in cbililren after smallimv. 

Delayed union max accompany retardwl mental or physical 
dexelopment, of which a common evamplo isst'cn in cretinism. It 
al'O occurs as a result of infection or injurj*. 

Tlie exact role of tlie xarious endocrine disorders in affecting 
epipUj^-eal centers has yet to be workcil out, but it is interesting 
to note that there is marked delay in the appearance of the various 
centers and closure of epiphjseal lines in hy|x)thyroldisra, and in 
cases of gonad and anterior pituitary deficiency. The opposite 
condition of advanced development and early union of epiphyses 
occurs in patients with overactivity of the pituitary and thyroid. 

Variations occur in the normal calcification ol epiphyses. They 
max ossify from several nuclei, or show a central nucleus and a 
peripheral shell with a clear 2 one betxxeen as a result of healed 
rickets. 
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FRACTURES .VXD DISLOCATIONS. 

FBACTtmES. 

It is important for the roentgenologist to have a thorough knowl- 
edge of roentgen anatomy, and of the surgical patliologj' of wound 
and fracture repair. Gross fractures are, of course, obvious, but 
in a doubtful case the diagnosis may depend entirely upon the 
breadth of his anatomic and surgical e-Tpcrience. lie should remem- 
ber that the more accurately a fracture is reduced the sooner will 
function be restored and the smaller the callus which will result. 
Calcification begins in callus in from one to four a ceks, and is usually 
complete in six. At first callus may show very little evidence of 
lime deposit when there is no displacement of fragments, but an 
extenshe comminution or a malposition of fragments should he 
accompanied by a large, thoroughly colcifieil callus. 

It is sometimes advisable to have oblifiue news with the incident 
ra,\s directeil along the plane of the fracture, to decide whether or 
not bony union is developing. Oldique a lews arc also necessary at 
times to separate the radius and ulna or tibia and fibula. 

The prognosis of fractures involving joints should always be 
guarded because of the fact that there is no means of estimating 
from the roentgen examination how much damage has occurred to 
the soft tbsues, or what effect their repair will have on function. 
Tlie poaibSitj- of organization and caldficatlon in extensive bema- 
tomata should be remembered. When the fracture invobes a 
joint, tlie fact should be mentioned in the report. 

The question of union b often a difficult matter to decide from 
roentgen e^idence alone. One cannot determine from a film show- 
ing a fracture without evidence of bony union whctKcr there ate 
soft tissues between the fragments which will interfere witli repair, 
n hether an uncalcified callus b present, or whether or not there is 
firm fibrous union. It should l»e remeinl»ered that callus formation 
in compound fractures is apt to l>e slow and irr^ular. Callus is 
ne\ er seen w ithin joint capsules, as in the neck of the femur. Callus 
is not seen following fractures of the x-ertcbral bodies, skull or Ula. 

( 38 ) 
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Non-union is prone to occur Tihen the site of fracture involves a 
nutrient artery, or %Yhen the patient is syphilitic or asthenic. 

Usually one cannot distinguish the presence or absence of callus 
through a plaster cast. Bony union cannot be said to be complete 
until trabecuhe have been demonstrated across the fracture line. 

In the reduction of fractures, normal weight-bearing lines should 
be restored as far as possible, and every attempt should be made to 
replace articular surfaces in their normal planes with reference to 



Flo. 11.— Ftacture of the skull in a child Compare tho fracture line with the suture 
line seen In front of it .1. fracture, B, suture. 

the shaft. In doubtful cases, comparison films of a sjTumetrical 
part may help to decide whether or not a reduction is satisfactory. 

After operation callus formation b apt to be dela\ ed and where 
plates have been applied callus usually forms best on the sides 
away from the plate. In the course of time there is a certain amount 
of bone absorption about plates and screws, T\ithont the presence 
of infection. 

\ Fracture lines will nsually become obliterated in from three to 
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six montlis, and, if repobition of the fragments has been accurate, all 
e^ddence of the injur\’ may have disappeare<l in that time. The 
shadows of linear fractures in the skull, hone\cr, may persist for 
se\eral \eaTs after the injury. In any fracture, when reduction has 



Fig 12.— DepiMsed {ractare m frontal region. Note the overlapping /rsgmerU 
indieoted by the arrow, and the curved fracture line at A.. D indicates the fronto- 
parietal euture line 


been poor or the callus formation extensive, evidence of the deform- 
ity may persist for life. 

The roentgenogram nill oftm furnish etddence of value to the 
surgeon aade from the posticm of the fragments, such as indica- 
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tions of a pathologic process in the bone, or of the presence of 
foreign bodies within the ound, and, occasionally, the early appear- 
ance of gas in the soft tissues as a result of infection Mith ^Velch’s 
bacillus. 

Sioll.— The skull is subject to linear fractures which appear on 
the film, as thin, black lines with sharp, ragged edges. They may 
run in any direction. They are to be differentiated from suture 
lines, diploic veins and bloodvessel grooves, all of which have fairly 
definite courses, smooth margins and are lighter in color. Fracture 



Fio. IS.—Tangential view of fracture la Fig IJ, showing amount of depression 
present, indfraCed by the arrow. 

lines may open up sutures or follow bloodvessel markings, but they 
can usually be traced beyond the course of these normal lines. 

Comminuted and stellate fractures are generally obvious. A 
depressed Sracture oHen appears as a white Yiae because o! overlap- 
ping of the margins of the break, therefore whenever possible 
profile views should be obtained. 

Fractures of either the inner or the outer table appear as thin 
black lines or areas of slight irregularity in the density and structure 
of the bone. Fractures limited to the base are frequently overlooked, 
therefore, as a routine procedure, films showing a vertical projeo- 
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tion of the base should be obtained, in addition to anten>po«terior. 
posterior-anterior and lateral wws. It is poor judgment to subject 
a patient with an acute skull fracture to the manipulation neccisarv- 
for an adequate roentgen erarnination- The procedure is better 
carried out after the patient has recovered front initial hemorrhage 
and shock Tliis does not preclude the taking of prcliminarv’ films 
in routine lateral and anterop<»terior position, with verj- little di'- 
turbance of the patient, in order to determine the presence of gross 
injuries, but such an e’vamination should not be eonsidered final. 

Cranial aerocele may develop following fracture through the 
sinuses, especially the frontal sinu^. It U productxl by the increased 
air pressure within the nasal cavitj' when the patient sneezes or 
blows the nose At thia time air and bacteria may be forced tlirougb 
the fracture into llie crania! canty. The pocket containing the 
air will appear on the film as an area of markedly diminished 
density, usually in the frontal r^on. 

Vertebr®.— Fracture lines are rarely seen in the bodies of ver- 
tebne. Abnormality in outline or in relations of neighboring 
\ertebne is the usual finding. This subject b dbcussed in Chap- 
ter n. 

Pelvis.— Tlie examination of this region should consist of a set 
of stereoscopic films large enough to include tJie entire pelvb and 
both hip-joints. The routine position b to have the patient supine, 
with the film beliind and tube in front. In many cases, it b desir- 
able to supplement this with posterio-auterior and lateral views. 
Tlie films should be of sufficiently good quality to show Iwne detail, 
and should be free from blurring due to motion. 

Pelvic fractures are usually due to violent injuries. Tliey are 
frequently multiple and often cause considerable deformity. The 
regions about the sacro-iliac joints and the symph.vsis pubis are 
most commonly involved. Typical injuries are fracture or dblo- 
cation of the pubis assodated with separation of a sacro-iliac joint 
or fracture of the sacrum or ilium near it. Persons struck by auto- 
mobiles often show fractures in the pubic region. The femoral head 
may be driven into the pelvis, canving the inner wall of the acetabu- 
lum before it. 

Fractures of Uie ilium appear as sharplv'defined lines of diminished 
densi^' and may be stellate. 

Gas in the colon or rectum may simulate nr obscure a fracture. 
These shadows are not constant and can be ruled out by repeated 
examinations. Bloodvessel grooves in the ilium may also be a 
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source of error. Their situation, branching character and bilateral 
occurrence should identify' them. The epiphyses of the pelvis are 
among the last to unite, remaining open until tn enty to twenty-five 
year of age. This fact should be kept in mind in interpreting films 
of young patients. 

Fractures of the pelvis, like those of other flat bones, heal with 
little or no callus formation and, except when the pelvis is deformed, 
leave no evidence upon the roentgenogram. 

Ribs. — Fractures of the ribs are usually obtious, but may be over- 
looked in the overlapping axillarj' shadows. Slight rotation of the 
patient may bring the injured area into clear view. Views with 
films both anterior and posterior to the patient should be a routine 
procedure in all rib injuries. Fracture of the costal cartilage may 
occur and give no evidence on the roentgenogram unless the car- 
tilage is calcified. Cartilages which are partially calcified show- 
breaks running oblique!.' or irr^ularii’ through them tvhere calci- 
fication has not occurred. These should not be mistaken for 
fractures. 



Fia. 14. — Fracture of tbeacapboid. 


Carpus.— The bones usually involved, in the order of frequency, 
are tlie scaphoid, cuneiform and magnum. These fractures are often 
associated with thoseof the radius and ulna, and should not be over- 
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looked bj e\clu5i\ e attention to the latter. In case of doubt, it is 
advisable to secure films of both tiTists in svtnmetrical position 
for compari'ion It is neecssarj’ to have anteroposterior, postcro- 
anterior and oblique films of the wrist to demonstrate some frac- 
tures of the scaphoid, as the injurj may show on only one film of 
the three. If there is any question about the diagnosis, a semi- 
lateral should be taken, mth the hand resting on the ulnar side. 


Fio 15 — CoUes' fracture. 


Celles' Fracture.— Films for the study of this injury should repre- 
sent accurate anteroposterior and lateral vrews at the level of the 
lesion, otherwise erroneous conclusions regarding the amount of 
deformity may be drawn. After the arm has been placed in splints 
or plaster, it may be necessary to employ fluoroscopy to determine 
the proper position for a correct idew. 

The usual deformity in this common injuiy is a compression of 
the posterior raarginof theradius, which rcsultsin a backward tilting 
of the articular surface as seen in the lateral view. ^Vfter reduction, 
the former relations of the styloid processes of the radius and ulna 
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should be restored, and the plane of the articular surfaces brought 
back as closely as possible to the nonnaf position. 

Old fractures are distinguished from recent ones by the presence 
of rarefaction and the absence of a distinct fracture line. 



fin. 16 —holies’ fracture*-UteraI new. The ehadow ef the utna oterUiM that nS 
the radjui. and ronceaU (he detormity in the ndiue 

Elbow. — An anteroposterior and lateral view are usually sufficient 
In the former, the arm should be completely extended; in the latter, 
flexed to a right angle. Fractures in this region frequently invohe 
the joint, llie roentgenographic interpretation should include a 
statement as to the presence or absence of joint invoh emciit, as 
this may influence the treatment Errors in interpretation are 
most often due to the presence of epiphj^eal lines. For this reason, 
similar films of the opposite arm are desirable. 

Fractures here in the order of frequency are supracondylar 
fractures of the humerus, fractures of olecranon, bead of radius and 
coronoid process. The two latter injuries may occur without a 
great deal of di5i)Iacenient, and ma^' be or«-looked unless they are 
carefully searched for on films in se\-eral planes. Fracture of the 
ulna is sometimes accompanied by an unrecognized dislocation of 
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the head of the radius, the elbow should alwajs be includc<l when 
a fracture of the ulna is being radiographed. 

Shoulder.— Tlie best view of the head of the humerus is obtained 
with the tube centered above and to the inner side of the joint in 
order to displace the head of the humerus downward and outwanJ 
from beneath the acromion. Tliis is also the best position to bring 
out the region of the subdeltoid bursa. Films should be made both 
nith the hand Ijing palm up and palm do\\'n, thus ginng two pro- 
jections of tlie head of the humerus at right angles to each other. 
To show the acromion and neck of the s<-apiila, the tube should be 
centered considerably below the joint. 

The epiphyseal lines here, as in the elbow-joint, make interpre- 
tation difficult, and films of the opposite shoulder should be taken 
for comparison. It may be noted that the epiphysis for tlie outer 
end of the acromion process does not unite until the age of twenty 
(see Fig. 17). CalciBcation in the subacromial or subdeltoid bursa 
may simulate a fracture of the greater tuberosity. The shadow of 
calcification is, howe%er, more dense ami irregular than that of 
bone, and it does not have a trabeculated structure. 

Fractures of the anatomical and surgical necks ore usually the 
result of falls, and they may or may not be impacted. Stereoscopic 
observation of this region, or a vertical view, Is always recommended 
for the recognition of the true relation of the fragments. 

Fractures of the scapula are often overlooked on single films. 
Films from different angles including a tangential view of the baly, 
and stereoscopic evarainatlon will minimize this error. • . 

Tarsus.— Fractures of the os calcis are the most frequent. TUefl 
produce more or less disturbance in the normal structure consequent 
upon crushing of the spongy bone and deformity of outline. The 
line of fracture is seldom seen in later views. The examination for 
suspected injuries to tlie os calcis should always include a survey of 
the posterior hah es of both calces made witli the film behind the 
ankle, the patient 1\ ing on his back and the incident ray entering 
obliquely well down on the sole of the foot. If the patient is able 
to stand, the film b placed beneath the beel and the tube centeretl 
bebmd tlw Imees. The liest view oJ the tarsal bones Is Bectrred 
witli a film in contact with the dorsum of the foot, the incident ra\ s 
entering through the sole from the inner side. 

Fracture of the astragalus and culmid are next to those of the 
calcis in frequency. Tlie posterior extension of the astragalus occa- 
sionally occurs as a separate Imne caller! thetrigonum (Tig. 10). As 




VrftlMl i'fr>j«tion AntfrQptMtfriof Mf», 

1 lo. J7.— -FnKtuw of tho •n»«oniio»t of iho liuuiPru* »lone the 
lino. Kol» ttist tJir »ntrroj'*>«tftior » w» tlor« not InclJratUho Binount ofcItfoRnity 
prwnl. I'l'iphftif {'V ll>f t<p of tbo ■rroniion at ’"A" iliould t»ot I* nutsJkrn fw 
* fracture. 


Pott’s rractUTe.~In nny fracture of the tibia, it is essential tliat 
the fibula be explorctl llirotrshotit its extent in order to avoitl missinp 
breaks which occtir at a diiTcrent level from tliat of the tiliial injurj’. 
The cs^tials in retluction of a Pott’s fracture arc that tlie weight- 
hcaring line and the joint margins U‘ restoixsl accurately, and that 
the foot ho slightly i^^o^tc<l. 

Knee.— Witit pockI taken in the «fjtrrt*posterior and lateral 
positions, it is usually possible to xisualirc the line of fracture, and 
to detennmc whether or not it iin'oh'es the joint. Cartilage is not 
of sufllcicnt ciciisity tolx; distinpuUhwl from soft thsiusand injuries 
invohing this structure, such ox n di>placcd semilunar cartilage, or 
separation of articular cartilage from the cnncljlcs are not demon- 
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strable except in tho-se cases where a small fragment of bone has 
accompanied the displaced cartilage, or cases of long duration n here 
calcification has occurrefl in the cartilage. 

Fractures of the patella may be either transverse, with wide 
separation of the fragments, longitudinal, or stellate. Shehing 
fractures of the upper and loner margins may result from division 
of the attaclmicnt of the patellar tendon. These injuries may he 
clo«el\ simulated h\ an anatomic \ariation. due to the persistence 



Fic IS —Fracture of the neck of the femur with outward rotation of the abaft upon 
the bead 

of separate centers of ossification, nhich do not fuse with the body. 
They usually lie along the upper and outer margins but at times 
tlie\ occur on both the outer and inner margins. Tliey ba\ e smooth 
surfaces and a fairly good cortex on the side toward the body, as 
distinguished from the absence of a cortev in fractures. Further- 
more. since the condition is frequently bilateral, both knees should 
be taken for comparison. 

The patella normally presents grooves and ridges on its anterior 
surface which must not be mistaken for fractures. 
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Vertical projections of the {mtella made with the hnee and thigh 
flexed, u film against the anterior surface of the tibia, and the tube 
centered above and in front of the hip, will give information in 
cases of vertical fractures which cannot l>e secured in any other way. 

Hip.— Tlie line of fracture max or may not be x-isible. It may 
appear as a line of increased or diminished density, depending upon 
whether or not impaction is pre^nt. Care should he taken to 
obtain a true anteroj»osierior viexx. If the femur is rotated, the 



Fio. 19.— Vertical view of the aame fracture showing the relation of the head to the 

shadow of its neck w ill he shortened and <Iistorted. To ensure this 
position, it is only necessar>- to make certain that the patient’s 
foot lies in the anteroposterior plane during the exposure. 

To determine the extent of anteroposterior displacemetit, it is 
necessary to have vertical films. 

Vertical views of the neck of the femur are best made as a routine 
with the sound leg dropped off the radiographic table. The injured 
foot is inverted as far as possible and the incident rays, defineti by 
a small cone, enter the inner surface of the injured thigh, close to 
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the perineum. Thej an? dlrecteil alonp a line parallel to and 1 in 
below Poupart'b. lipament. in the median plane of the thigh. T 
cassette is held j-arallel to the neck of the femur abox e the iliac ere 
In the operating room, shock-proof apparatus must be used a 
the tube placed between the patient's legs, xvhich arc al)duct« 
Tins xiew ii lno^t important as it ennhies the surgeon to dctemii 
the 7 in-,ition of the fragments of the neck after reduction and 



Fig 20 — OM unonitrd frartut* of tho iwk of the femur. Note the aheorption 
Che seek. »ivd the ohtenee of callus foTtnstyon 

control the position of pins or other apjiaratus useil for fixing tl 
fiapneats, Tbi^ vot: teveals, tbft evtsot. ciC tbfl. 
displacement, the amount of comminution in mtertrochantei 
fractures, and the relatite position of the head and neck in intr 
capsular injuries. If is particularit- useful in determining tlie po; 
tion of the head in cases of slipped epiphyses in adolescents. 

IMien fracture of the femur occurs al>ove tlie intcrtrochanter 
line, it is within the jmnt capsule, and heals n ithout the fonaatit 
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of visible callus. ^Vhe» there is any displacement of the fragments, 
there will be a disturljanee of the smooth, regular curve formed by 
the upper margin of the obturator foramen, the inferior border of 
the neck of the femur, and the inner margin of the shaft. Note 
the right Jiip in Fig. 24 . 

In the prognosis of hip fracture'., the possibility of failure of union 
and of absorption of tbe neck of the femur must always be kept in 



Fig. ei.— Greenstick fracture of tbe tibia and fibula, with considerable callus 
formation suecc'tinE periostitis. 


The vitality of tiie beat! can be inferred from its density. A 
viable head w ill become decalcified to tlic same degree as the sur- 
rounding bone, while if not alive its density will be equal to or 
greater than that of normal bone. 

Long Bones.— Fractures of these bones usually present all the 
roentgenographic evidence of fracture, namely, a fracture line, a 
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the perineum. Thc\ art* directed alon;: n line jiarallcl to and I inch 
below Poupart'b liKamei.t, in the mwlian plane of the thigli. Tlie 
cassette is held parallel to the neck of the fenuir alxn e the iliac crest- 
In the operating nx)m. shock-proof apparatus must he usetl and 
the tube {)laec«i brt\\et“n the patient's less which are alxlucted. 
This \ lew IS mo'it important as it enables the surpeon to dctcnnine 
the position of the fragments of the ncek after reduetmn and to 



Flo 20 — Old onunited /rarfore of the oofV of the femur Note the absorption oJ 
the nerL, and the ateenee of rallua formation. 

control the position of pins or other apparatus used for fixing the 
fragments. This view reveals the extent of the anteroposterior 
displacement, the amount of comminution in intertrochanteric 
fractures, and the relative position of the head and neck in iutra- 
capsular injuries. It is particularly useful in determining the posi- 
tion of the head in cases of slipped epiphjses in adolescents. 

^^hen fracture of the femur occurs above the intertrochanteric 
line, it is within the joint capsule, and heals without the formation 
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of visible callus. When there is any displacement of the fragments, 
tliere will be a disturbance of the smooth, regular curve formed by 
the upper margin of the obturator foramen, the inferior border of 
the neck of the femur, and the inner margin of the shaft Note 
the right hip in Fig. 24 

In the prognosis of hip fractures, the possibility of failure of union 
and of absorption of the neck of the femur must always be kept in 
mind. 



FiQ. 21.— ^jreenstick fracture «f tbe tibia sad fibula, with considerable callus 
{oimativn sogee<ting penosbh*. 


The vitality of the heat! can be inferred from its density. A 
viable head will become decaldfied to the same degree as the sur- 
rounding bone, while if not aihe its density will be equal to or 
greater than that of normal bone. 

Long Bones.— Fractures of these bones usually present all the 
roentgenographic e\i(lence of fracture, namely, a fracture line, a 
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break in outline, anrl deformity. An exception is tlie greenstick 
fracture of childluxKl. in nliich ImckJinp of the cortex occurs and 
the line of fracture i^ absent, or seen as a line of increased density. 
As healing takes plate in these fractures, there is the formation of 
a variable amount of callus. For tliis reason, a lesion which has 
been o\ erlooked at tbe first examination may become \ isible at a 
later one. 



AnteropOsUrior Tje». Latn-al > lew. 

Tio. 22 — Subpenosteal fraettnv of tbe tifais. The line of fracture is not Tiable. 
but there is a definite breal >a ouUine in tbe aiiteropo<tenor view only. 


In order to obtain undL>torted xnens of these injuries, the tube 
should be centered over the fracture, with its central ray at right 
angles to tbe long diameter of the bone, otherwise, foreshortening 
will occur, and tbe deformity' will be exaggerated. In properly 
taken films, the amount of deformity usually appears less tlun it 
actualh' is, for only occasionalh* do the central ra\s form a right 
angle with the point of greatest deformity. Films taken to demon- 
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strate the result of cDFroctive procedures should, as far as possible, 
be made in tlie same position as the precc<linp ones. 

hraetures re.'idil.v oeeur, even on muscular exertion, uhere the 
Imuic has been weakenetl b\ the presence of c.s sts, malignant disease 
or a constitutional tliseasc. sueh as osteomalacia or osteopsathyrosis, 
and in Paget’s <lisease. ’Hicse fractures iisnally heal well except 
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DISLOCATIONS. 

Dislocations are most common in the shoulder, elboiv, wrist and 
hips. In the larger joints, tltere is neter any doubt about the 
diagnosis. 

Subcoracoid di'locations oi the shoulder frwjuently have an asso- 
ciated fracture of the greater tuberosity, which is reduced when the 
head of tlie humerus is replaced. 



Fio. 24 . — CoDsenilal dialocatioa of left hip. 


In posterior dislocation of the shoulder, the .anteroposterior a iew 
shows onlj a slight widening of the space between the anterior 
margin of the glenoid and the articular surface of the liuinenis. 
Stereoscopic films or a vertical projection will demonstrate that 
the head of the humerus is rotated Itackward w ith the loser tuber- 
osity in the glenoid and the main portion of the head behind the 
scapula. 

In the eliiow, the tj'pical lesions are backward displacement of 
the ulna and radius upon the hunwni'i, or anterior didwation of the 
head of the radius. Tlie latter is often associateil with fracture of 
the shaft of the ulna. 

In the carpus, dislocations may be suspectefl when the anter«>- 
postcrior view sliows a loss of the normal, clear rone of articular 
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cartilage about aii in(ii\i(lual bone. This is due to the fact that it 
oxerlaps one or more of the adjoining bones. The semilunar bone 
is the one most commonly aifecfe<i- The condition is readily 
demonstrated by a lateral \ieti-. 

Dislocation of the head of the femur may be posterior or anterior 
and is commonly the result of severe iojurj'. 

Dislocations may occur at any joint. Tliey are usually obWous* 
and require no particular description. In any dialocation, careful 
search should be made after reduction, as well as before, for asso- 
ciated fractures nhich may have been overlooked. 



Fio 27. — Separation of femoral epipIijnsfoUoviDefliKlit trauma. Perfert reposition 
by abduelios &ikI romplete bealing 

Cpiphjseal Sepaiatioos generally in\ oh e a fragment of the adjoin- 
ing shaft. ^Vhen unaccompanied by a fracture of the shaft, they 
can onij be diagnosetl by the abnormal relations of tbe epiphyses, 
which may be only slightly dbplaced. Films of sxTumetrical parts 
should alwaj s be taken to check these findings. When these sepa- 
rations are promptly and accurately replaced, there is rarely any 
interference with the grow th of tbe Lone. 

Some children who are usually oremeight develop a spontaneous 
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separation of the head of the femur. In such individuals it is usua! 
to find the epiphyseal zone of the opposite hip wide and somewhat 
hazy or ragged, indicating an underl\ ing disturbance of ossification. 

T]ie head of the femur may be floated free from the shaft and 
become a sequestrum, as the result of an acute infection in jtmng 
children. 

Osgood-Sclilatter's Disease.— A partial separation of the tibial 
tubercle occurs in similar individuals. The tubercle is ele^'ated 
from the diaphysis and the margins of the epiphyseal line beneath 
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Fio. 28 — Osgtxid-Schlatter's discage. Xote the soft-tis«ie swelline about tbe lesion. 

it are thickened and ra^ecl. TJie soft tissues overlying it are 
usually swollen and increased in density, A similar injury may 
occur to the epiphysis of the os calcis (see Subchondral Necrosis, 
p. 112). 

Congenital dislocations of the hip may lie single or double. They 
are characterlzetl by shallowness of the acetabulum, displacement 
of the head of the femur upward anti backward upon the ilium, 
flattening and deformity of the head, an external rotation of the 
head and neck upon the shaft of the femur, and the formation of a 
false acetabulum. 
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cartilage about an indu idual bone This is due to the fact that it 
o'erlaps one or more of the adjoining hones. The semilunar bone 
is the one most commonly affected. The condition is readily 
demonstrated by a lateral view. 

Dislocation of the head of the femur may be posterior or anterior 
and is commonl\ the result of se'ere injuiy. 

Dislocations may occur at any joint. Tliey are usually obvious 
and require no particular description. In any dislocation, careful 
search should be made after reiluction, .as well as before, for asso- 
ciated fractures nhicli may have lieen overlooked. 



Fio. 27. — Separation ot femora] epipbsria following aliglit trauma. Perfect reposition 
by abduetran and eotaplete besliiiK 

Epiphyseal Separations generally imToKe a fragment of the adjoin- 
ing shaft, \\hen unaccompanied by a fracture of the shaft, they 
can only be diagnosed by the abnormal relations of the epiphyses, 
which may be only slightly Unplaced. Films of symmetrical parts 
should always be taken to cbe^ these findings. ^Mien these sepa- 
rations are promptly and accurately replaced, there is rarely any 
interference with the growth of the hone. 

Some children who are usually o\'erweight de^elop a spontaneous 
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separation of the head of the femur. In such individuals it is usual 
to find the epiphyseal zone of the opposite hip ide and somewhat 
haz% or ragged, indicating an underh ing disturbance of ossification. 

The liead of the femur may be floated free from the shaft and 
become a sequestrum, as the result of an acute infection in young 
children. 

Osgood-Sciiiatter's Disease.— A partial separation of the tibial 
tubercle occurs in similar individuals. The tubercle is elevated 
from the diapbvsis and the margins of the epiphyseal line beneath 



Flo. 2S. — 0?£Ood>Schlatter'» disease- Xotc the soft-tissue sweliing about the lesion. 

it are thickened and ragged. The soft tissues overlying it are 
usually swollen and increasetl in density, A similar injury may 
occur to the epiphvsis of the os calcis (see Sii}>chondral Necrosis, 

p. 112). 

Congenital dislocations of the hip may be single or double- They 
are characterized by shallowness of the acetabulum, displacement 
of the head of the femur upward and backward upon the ilium, 
flattening and deformity of the head, an e’lternal rotation of the 
head and neck upon the shaft of the femur, and the formation of a 
false acetabulum. 




CHAPTER IV. 


BONE PATIIOIXXIY. 

XoE>iAL bones are smooth am! regular in outline. The cortex 13 
homogeneovis, and the cancellous tissue U of iinifonn con‘>istency. 
The tliickness of the cortex ami the texture of the spongj’ bone vary 
considerably with the individual The cortex is thickest along tiie 
center of the shaft of tlie long bones, diminislung tonanl the ends 
to a thin line which continues beneath the articular cartilage. The 
roentgenologist should have a good i<lea of the normal thickness of 
the cortex of each individual bone. 

Bone disease manifests itself by changes in size, outline and 
density. Various forms and combinations of these changes result 
from the action of pathologic agents, so that it is often difficult 
from the roentgen findings alone to identify positively tire cau«ati%e 
factor. For this reason, the clinical history should alnays be com- 
bined witlr the roentgen findings in making a diagnosis. 

Bones are increased in size in osteomyelitis, tumors, Paget's dis- 
ease. ssphilis and csstic disease* Tliey are diminhiied in size as a 
result of trophic disturbances, paralysis, chronic disease of neighbor- 
ing joints, and developmental anomalies. Changes iii outline result 
from periosteal deposits, callus formation, and tumors. 

Changes in density maj be either local or diffuse. Diminished 
density (increased radiability) occurs as a result of disuse, infection, 
or actual destruction from invoKemetit by tumor, cjst or surgical 
intervention. Increased density occurs as a diffuse process in old 
osteomyelitis, syphilis, Paget’s di5ea'=« ami osteosclerosis. It 
is found locally about low-grade infections and carcinomatous 
metastases of slow <lev elopment. 

In the presence of a pathologic process in hone, the following 
points should be cletennineil: (1) what iKincs are involve*! and 
what part of each bone, (2) whether the pn)ces-» is primarily within 
the cortex or within the medulla; (3) whether its margins arc sharply 
defined or otherwise; (4) is the lesion confinwl to the shaft or does it 
invade the cpipinsis or joint; (-j) is it destructive, proliferative, or 
both; ((>) is there as-wiatetl disease of the soft parts? (7) age of the 
patient; (8) duration of symptoms. 

(SS) 
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Periosteal New Bone Formation.— Periosteal new bone formation 
is due to any form of irritation— moat commonly an inflammatory 
process in its vicinity. Sometimes the earliest evidence of a low- 
grade osteomyelitis ia the presence of a slight periosteal elevation 
OA'eriying it. The same is true of neighboring soft tissue infections. 

Luetic periostitis is well known, hut the fact that tuberculous bone 
lesions may at times cause periostea! proliferation is not generally 
recognized. Any of the low-grade infections, such as tj'phoid, 
actinomycosis, leprosy, \tiws> and coccidiosis may cause localized 
or e.vtensive deposits of new Iione, 

Trauma in the form of rcpeatol local injuries or extensive bruising 
or stripping up of the membrane will l>e followeil by calcification 
beneath it. Periosteal reaction in callus formation is quite tj'pical. 
Its presence may call attention to previously uiuHagnosed fractures, 
flemorrliage ns seen in scurvy and hemophilia may be the causative 
factor. 

Tliere ma\ be wide-spread periosteal proliferation in lues, rickets 
and pulmonarj 03tc<>*nrthr»path.\. Various bone tumors cause 
deposits at their margins as a result of irritation, or show extensive 
calcification within their substanei*. 

INFECTIONS. 

Osteomyelitis.— The characteristics of a pxogenic process are: (1) 
a variable amount of destruction of ineilulla and cortex; (2) an 
extensive reaction of the jieriostemn whenever involved; and (3) 
sequestration and irregular sc-Ierosis. It may attack any bone at 
any age, but it rarely extends beyond the epiphyseal line. 

Tlie process may exist one or two weeks without prodming any 
changes whatever in tlie shadow of fheafTected bone, and then areas 
of diminished density w ill appear at the site of involvement. Pro- 
liferation of the periosteum occurs as a result of irritation beneath it, 
and may become extensive as more of the bone is involved, leading 
ultimately to the formation of a shell of new bone, the involucrum, 
aioert f/ie aeceaCic mas^ of the old sltsf(, tthceh then Itecames a 
sequestrum. The process may involve only a portion of the sliaft, 
in which case a variable amount of irregular sclerosis appears about 
the affected area, and sm.all sequestra may be seen. 

Two atj^iical forms arc the virulent or fulminating type, and the 
non-virulent bone abscess. Tlie fonner may give very little positive 
roentgen evidence, or it may show extensive, irregular rarefaction 
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Fia. 29.— Osteomyelitis of shaft of fconur. Kote tbe areas of aetire infection in 
the medulla at A; the lo^oluenini forfDalMMi at B; and the portion of old cortex 
at C. shorring the increased density eharaetenstie of sequestrum formation 
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throughout tlie bone elevation and thickening of the peri- 
osteum, but no sclerosis, or new bone formation. The clinical 
picture is obvious. The non-\inilent tj^pe shows a drcutnscribed 
area of rarefaction in the medulla, generally surroundetl by a wall 



of Increased density, and with a ^-ariable ajijount of proliferation of 
the overlying periosteum depending upon the depth of the lesion. 

Tliis new bone may attain considerable thickness in long-standing 
lesions and it is often laminate<]. This appearance has been mis- 
taken for malignant disease of bone. 
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Tuberculosis — Tln' appears in tlif l«nios as a slovly 

prnprc'sn i‘. local. ilc'trii»ii\c imK-c*''s, with little or no rcRcner- 
atioii. It most < oiiiiiiniilv attacks the joints or cj)iph\M*s in yoiinp 
iiKliviiinal''. ainl is less common in the shaft. 'Ihe early staecs 
mas show lutreK ilTiision in tlic atrcetwl joint, Imt rarefaction of 
the neiglihormt; hones -^hui ocems. rcsiiltliit; in the eliaraetcnstic 
hhimtl. lia/,\ jik tore witli loss of detail, and. perhaps, local arena 



Fw 31. — Chionk low grade tuWmiloMs Note the eott tissue exKiUiriB »od lb* 
rnlarenncnt and s>|iianne of th? «r'>ph> sea 

of destruction in the atfected epiphjscs. In the carpus and tarns, 
this rarefaction may be setcrc, so tliat the bones appear of the 
same density as soft tissue, with finely jiencilcd outlines. 

Due to chronic st novial irritation, cnlarpcment and stjuarin}' of 
the epiphyses may occur, with little or no evidence of hone destruc- 
tion. T’ltimately there is more or less destruction of the joint sur- 
faces. resulting in ankclosis as the process heals. Periostitis may 
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<le\clo|> in tlif iu-iplil)orhoo«l of tuhprciilous lesions, particularly 
when swoiidary infection has occurred. 

As the pnKfSs continues, there is incrcasinji destruction of the 
suharticular btme with a tendency to sjmre the articular cartilage, 
which difTerentintes the process fnmi a pyopenic infection in which 
earl\ dc‘-truction c)f tlie joint csirtilapc is the rule. 



Fio 3j.—Tu)yrn}]o'is ol Ibf* nreJaUjIunn »ho»ing Uw chanictcnttjc fcillo/ioii niarpn. 


In children dcstructhc and )>rolifcmtive lesions in the long 
bones suppesthe of sJ^lhilis are sometimes encountered. 

Localizetl tuberculous pockets are also seen in the medulla near 
the ends of the loop bones, partiailarly the tibia and femur. There 
is nothing about their appearance to distinguish them from any 
other low-grade infection. Osteomyelitis or syphilis will produce 
identical lesions. 

Tuberculous proc-csses are prone tode«'Iop in multiple foci which 
fuse, giving a lobulatctl api>earante to the outline of the diseased 
area (see I'ips. 32 and 34 ) whicJi is diagnostic. 
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In the spine tuberculo-»is usually Iiepins in the noighhorliood of 
the intervertebral tliso, ami destroys the adjacent body or bodies, 
causing them to cfillapse, and thus* produce a l>.\'phos. The alTected 
portion of the spine is often surrotindc<l by the fusiform shadow of a 
prevertelsral abscess. ^\}iich later may show evidence of calcification. 



Tuberculosis of the sacroiliac joint is extremely rare as a jirimary 
lesion. It is usually part of a generalired process and occurs more 
often in joung adults tlian in diildren. 

Although tuberculosis is usually a disease of childhood, it should 
not be forgotten that it b common in the aged. 

Tuberculosa simple'c c>stica b the name gi\en to multiple small 
rounded or oval areas of rarefaction in the Iranes of the bands, feet 
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or ankles, usually associated with tiibereulosis elsewhere, particu- 
larly in the skin. 

Caries sicca is a slow, destructive process which is most common 
in the shoulders. It causes irregular erosion of the joint surfaces and 
the epiphyseal end of the humerus. There is no decalcLfication. 



Fia. — Tbe same hip aa shf)«n in Fig 33 taV«n sei'en months lAtcr («ith no 
treatment in the interim). There is now extensi\e destruction of the scetebulum and 
bead of femur, with a small abscess eateniling into tbe peU i». The head of the femur 
has been displaced inward. Note tbe irreKularlv scalloped appearance of the 
superior margin of the acetabulum. 


Dactylitis (spina ventosa) b characterized by considerable 
increase in the diameter of the diseased phalanx, which shows 
e.vtensive areas of destruction in tbe medulla. Tbe corte.x may be 
somewhat thin, or slightly increased in thickness. This condition 
is differentiated from syphilitic dactylitis by the fact tliat tlie 
enlargement in the latter is due to periosteal proliferation, with the 
formation of a collar of new bone outside of the old cortex and com- 
5 
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paratively little in\ ol\ ement of the medulla. How ever, differentia- 
tion of the two conditions is at times extremely dirticult from tlie 
roentgenogram alone. 

Syphilis.— S^'philis of bone is a destructive and proliferative pro- 
cess, assuming \aricd forms which may simulate other conditions. 
It attacks an\ iionc at any age. Its commonest manifestations 
are periostitis and irregular areas of destruction. 



Fio. 35 — CaiiM «ico. Note the destnietioo of the bead of the humerus 

Periostitis is usually limited to the shaft, and the picture \aries 
according to the age and activity of the process. It usually extends 
to the epiphyseal lines (Fig. 41). UTien acute, the appearance is 
that of multiple distinct, thin lamuue laid dowm upon the old cortev. 
As the condition becomes more chronic, these laminre become 
thicker and more compact, so that ultimately the area involved 
becomes as dense as the normal cortex. At the same time, the 
surface loses its fringy character and becomes smooth, although it 
may' be more or less irregular. This increase in thickness of the 
cortex will often give an appearance of bowing, as is seen in the 
so-called “saber shin.” It should be noted that this thickening 
of the cortex usually occurs on the convex side of the curx e, whereas 
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in rickets it appears on the concave side. There is often an endos- 
tea! prtdiferation nitJj nanrowin;: of the medullary canal. 



F«c 36 Pig. 37 

Tig. 36. — Congenital ayphitis. 

Fig. 37. — Congenital siphitis Note the thwkenetl cortex of the tibia, and the 
typical areas of rarefaction within it. 

Periostitis may also occur as small, local elevations of the perios- 
teum (bone blisters) near the ends of the long bones, or may assume 
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the form of multiple confiue!it,sinall blisters. There is another type 
of lesion, a sort of lacework pattern, wliieli consists of strands of 
calcified material hich runoutatriglitangles to the cortc'sand arch 
togetlier at their tenninations. llunning through this pattern, 
paraUel to the shaft and midway between the cortex and the periph- 
er\ . there are definite thin slieets of calcification. At tlie maipns of 
the process where it blends into tJie normal bone there is the usual 



Flo 3S — Sypliilitic process in^olTiiic the lower end of tho liUa and fibula. 

tjpe of laminated periosteal thickening. This t.ipe of periostitis is 
sometimes mistaken for periosteal sarcoma. In the congenital form, 
the periosteum may become separated from the shaft for a consid- 
erable distance, lea%ing a clear space between it and the cortex. 

ilore or le»3 sharjily circijm«cribeil aieas of increasetl radability 
may be found In the new periosteal Ixmc (see Fies. 37 and 39). 

S.n>hilis and yaws are the only diseases known to lay down 
periosteal new bone and then excarate rarefied areas within it- 


3'>.— Tipeso^ cypbiliCic penomtisol Jhe tjbi® 
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Irrefc'ular areas of tle^truction may occur in any hone, usually as 
a result of frummatous changes (Fig. 40). In the skull, the picture 
j3 striking, and rejire'ents “punclied-out” areas involving both the 



Fig 41 — Sj-philitic r«rio<titis whkb n^emUen osteitis ileTonnnns Kote tie 
abseoje ot eoluTfemeiit oC the epai^'eMs ^ tl« 

outer and the inner tables, or multiple moth-eaten patches. In tlie 
long hones, guminata are generally associated with periosteal 
changes, although at times a bone may lie riddletl t\ith these areas 
of rarefaction anti show only slight periosteal cliange. Tliis is par- 
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ticiilarlv common in the acute cases. In children a common picture 
is the juxta-epiphj seal lesion, which occurs in the (liaph.^sis near 
the epiphyseal line. It is characterized at first by an irregular lo'-s 
of substance close to the epiphjseal line, and, perhaps, a slight 
periostitis. With healing tJie affected area becomes sclerosed, 
leading to the formation of a white line at the epiph\sis, which is 
thicker than that seen in scorbutus. As a result of this process, 
there may be a cbaracterisfic angulation of the epiphjsis upon the 
shaft, due to contraction of the diseased area, or interference uith 
growth at this point. 



Joint lesions maybe unilateral or symmetrical. Ordinarily, little 
is seen beyond an increase in density in the soft parts, due to 
efiusion and synorial tblchening. Later on, low rounded hyper- 
trophic grow'ths may appear about the margins of these joints. 
Extensive destructive processes may sometimes occur in the epiphy- 
ses of long bones, causing considerable deformity. Localired areas 
of destruction suggesting tuberculosis may be found in the epiphyses 
of children. 

In the spine, lues causes the destruction of one or more bodies, 
generally preserving the inter\ertel)ral discs. The affectetl area is 
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often surrounded 5>y c-alcifietl taas:«s of detritus. E.ttcnsi%'e 
trophic ehanpcs are «een on the nciphhorins ^ crtebne. 

Typhoid.— The lesions in bone clue to the t> 7 )lioid badllus are 
de3tructi\e and proliferative, usually cKourriiip in early adult life. 



They are cliaracterized by circuraseribecl areas of destruction in 
the ribs, the margins of >i^rtcbral bodies, and, occasionally, the 
cortex of long bones. There may be a local periostitis, and, at 
times, extensbe irregular periostitis indistuigui'hable from that of 
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syphilis. In tlic spini-, tlic first rociit|;cii evidence sencrally .appears 
at an interval of sveohs or months niter tlic onset of s.vraptonis, at 
svhich time n small area of destruction may appear in the corner of 
a vertchra close to the disc. Suhscquently coarse hj-pertrophic 
hridftes may appear ahont this area, uitli thinning of the disc, or 
the intcncrtchral cartilape may la; destroyed, with a resulting fusion 
of the adjacent vertehne. 

Yaws.— Yaws is a chronic tropical disease winch manifests itself 
in the early cases (one to two years) in the form of multiple oval 
areas of rarefaction scattcrerl through the long hones. These areas 
rarv in sire and ilegree of tratishiccney. cliaraeterrstic finding is 
the'prescncc of those earities within the cortev, often jnst beneatli 
the periosteum width may he slightly elerated and thiekcnerl over 
the lesion. The proec-s also attacks the artitular sur acrls w itli 
erosion of the lame hencath the cartilage, and eonsiderahle defom- 
itv if the process i, ertensiye. In the chronic cases, there is riiarkd 
ir’reglllarity in sire and ontliiic of the hones, and considerable 
shortening, if the epiphyses have heeii involved. 

Actiaonijcesis.-Aetinomycosis causes a chronic osteomyelitis. 
It tlsnallv occurs In the jaw, hot may invade the vertehne, ribs or 
ilium Itiscliaraetcrirerlhyitsslow eoursc.and hy the pronounced 
proliferaUonof hone, with the resulting general increase in density. 

Madura Fcot-Madilra foot is a tare disease of the tats,al hones, 
resemhling actinomycosis. It runs a course of years w itli e.ytensivc 
destruction and new hone fonnntion.^ , , n-n- 

Coccidiosis - Coccidiodes is a chronic granuloma due to the Oidiiim 
coceidiiini. It usually occurs in patients living in the central v.alley s 
"f California and appears first in the honra of the pelvis and eatrem- 
ities It is most commonly confused with tiihcreulosis or malignant 
d se;se It does not attach joint, a, frequentl,y as tnbercnlosis 
td the eliiiical eniirse will nsnally diilerent.ate it from m.alignant 
ano " , , s),„w- irregular destruction sometimes 

a^oinpaiiW hi mild or niarkeil periosteal lesions, suggesting syph- 
ilitic I, characterized in its early stages by bone 

Leprosy. fi phalanges, and a variable amount pt pen- 

atrophy 0 progresses, these phalanges disappear, and 

T ■ We Involvement of the other phalanges. 

''e'anroi-hTsmallliov destructive lesions liaie been noted in 
tlieToto and epiphyseal emls of the long bones, resulting in anky- 
losis of the joints afTcctcd. 
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Parasites — Echinoc’occus c>sts may ijcciir in i>one, cau>ing 
indefinite rarefaction in tlie metiulla, whicli may Ih; mlatakcn for 
osteoms elitis or osteosarcoma. The usual sites are ilia, sacnini, 
femur, huriierus or ti{)ia. One case has l»eeti rc|rorte(I In a luinhar 
vertebra. 

Phosphorus Poisoning.— Phosphorus polsonlni; causes a chronic 
o-'teomx eliti-. of the jaw\ imiistmfruishahle roentgenolofric-ally from 
the ordinary p\ o^enic form. 



Flo. 44, — Corrtdioi Jrs oC tht Biiuo. 


Padlatiou produces a dry necrosis similar to that seen in phos- 
phorus poisoning. It occurs as an industrial hazanl in the use of 
radium paint and in patients who have receiAed liea\'>' radium 
treatment. The bone dies, becomes dense but does not sequestrate. 
There is an absence of the in\ oluenmi formation seen in phospbonts 
poisoning, and no tendency to heal. 

BONE TUMORS. 

In the study of bo?ie neojdaima, the most important question to 
decide is nhether the lesion b benign or malignant. Tlib may 
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be Ji matter of considerable difT ciilt.v. WtJ) infreasin” evpcrience, 
and particularly as a result of the cireful work being done by the 
Registry of RoncSarcoma.progrossha'sliccii made toward a rational 
oJa‘'«ificnti<!n of the-c processes. 



Tjo 45. —Multiple cArtiliemous exostoses Note llic thin exostoses on the femur 
due to Ijone formation in old chandrontata A lai^ mass of mixed bone and carti- 
lage has l>cen ^elno^ed nt A. 


There are many border-line and atypical lesions which are not 
clean-cut either roentgenologically or pathologically. The histo- 
logic appearance of a growtii may change considerably during 
its development, ami specimens from different parts of the same 
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tumor may show differeiit characteristics, making the diagnosis 
from a single specimen unreliable. 



Fia 46. — Ostoochoodroma of (b« tibia. Xote tbe lobulaied appearance of tbe 
tumor and thot it baa a pedicle. 


Benign Lesions. 

Exostoses.— Exostoses are merely irregtilar extensions of normal 
bone into the surrounding tissues. They are characterized by ^■ery 
slow development, by the fact that tlieir structure is tliat of normal 
bone, and that they blend intothe boneat their sites of origin. They 
may appear in any portion of the skeleton, but are most commonly 
found near the ends of the long bones. 



BOXE TUMORS 


They occur in difTercnt shapes, \ar>inp from tliin, hook-like pro- 
cesses to hronil rountlc<l Tuav.es. Tlieir stnicture may 1m? jvory- 
like or sponpy. 



Fio. 47.-~MuUi(>tc rnchonilitiniat a 


Multiple Cartilsfiooua Exostoses. — Multiple ctirtilapinoiis exostoses 
are an hereditary anomaly of prowth, in which irregular outgrowths 
of cartilage and l>onc appear in the regions of the epiplij sea! lines. 
These tumors usually iinwlve many of the Jong hones, raijsing 
considerable deforraity. 

Osteoma and Osteochondroma. — Tlicse are true hone tumors, and 
follow a slow but progressire course. They contain 'i’ariable 
amounts of boneand cartilage,and are classified accordingly. They 
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arise from the cortex ujutri a broad ba^e or narrow pedicle, ami often 
present a canliflower-likc appearance, with transparent nmlules of 
cartilage scatterej! throughout the mass. They never invade }>one 
but may destroy it b\ pressure. 



Pig 4' — Bcnien. tuator of the utrecAltu. shoviag the charaeieH'tie irv 

beeulaoon, and the tbseoee of in'ohemeot of the jomu ood «oft 

Enebosdromata,— Enchomlmnmta causc irregular asymmetrical 
enlargements of bone. They are usually multiple, but ma\ occur 
singlj and are most common in the hands, feet and long Ixtnes 
where the\ develop near the ends of the shafts. There is consider- 
able distortion in the outhne as a result of tumor growth, with or 
without thinning of the cortex, and the trahccnl.e of the medulla 
maj he replacetl by a homogeneous, putty-like shadow, or hy mul- 
tiple, small, rounded areas of rarefaction. In extensive tumors, 
the thinning of the cortex may l)e so extreme that it is rwlucetl to 
small, thin flakes of bone on the iieriphery of the growth, which in 
a single film are projecttxl upon the tumor, and must be differen- 
tiateil from calcification within the growth- Chondromata may be 
confuse*! w ith giant-cell tumors and mx domata. 

f’alcification in encliondromata is responsible for some of tlie 
irregular strands of calcifietl material found at times in the medulla 
of the long bones, particularly the lower third of the femur. 

Gisnt-cell Tumors.— Gianf-ccII tumors are most frequent between 
the ages of fifteen and thirty. Th«r favorite locations are the lower 
ends of the radius and femur, upper end of the tibia, vertebral 
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l) 0 (lit*s, pclvi-i, inaii<lihle. and tarsM<?. Tl)cv are tlie most common 
tumors abojit t}»e kncc-joirit in young ariuhs. Tijc'-e tumors are 
of slow growth. They «lo not invade the regional lymph glands, or 
metastasize to diitant parts, and neither do they recur after removal, 
e\eept in rare instancies. Tl>e> may extend along fascial ami mus- 
cular plant's into adjacent Wnes. or protnide into a joint, hut do 
not invade (he snrnnmding ti-sues. 



Tio 4'> — Cimt-fell tumor. 


In rare instances giaiit-cell tumors have become malignant^after 
curettement or irradiation. In the roentgenogram these tumors 
appear as a central, single Jc.sion in the epiphysea] end of a long 
hone, or occup\ ing most of the su1>stnnce of a cancellous bone. One 
rarely sees simple cjsts in cancellous bone or giant-cell tumors 
outside of it. They tend to grow equally in all dirc*ction3, but in a 
number of cases the greatest extent is along the medullarj' canal, 
tiie path of least resistance. 'Phere is a bxdging of the cortex, rarel.i’ 
a break. The intact cortex is an important point in differentiating 
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the benign from the maligiiant tumors. The soft tissues are n«)t 
in^a(letl except in ca'cs here a fracture lias occiirrc<l. The process 
does not cross the articular cartilage but got“S readily through the 
epiph.Nseal cartilage dilfering thus from osteogenic sarc-oina and 
mjeluma xshieh ina\ begin in the shaft near the epiphyseal cartilage 
but seltlom cross it. In ailiilts the lesion is almost iin arlably in the 
epipliNsis, and extends toward tbc joint surface where it is sharply 
limited. Tliese tumors apparently start xery clo^e to the ejiiphyseal 



Tjc. so. — C jBlir type of eisiit.cell tumor 


line and advance toward the joint. Tlie shadow of the iin'ohed 
area, as seen on the roentgenf^ram, has a characteristic appearance. 
The bone is widened, with lohulated outline. It is more radiant 
tlian the surroundiDg structures, and dix-ided by many trabecular. 
They x-ary considerably in size, and in the clearness with wliicii the.v 
can be demonstrated. The process does not inx'ade the neighboring 
soft tissue, but may extend along ligamentous attachments, anti, 
in this wa^’, inx'oh'e the adjoining bones. A cliaracteristic finding is 
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e'^tension of the process into bony projections, as, for example, the 
condyles of the femur, or the x'arious processes of the vertebrre. 

Early in their development these growths may occur as simple 
rarefied areas in the bone, with hazj' margins but no trabeculce, ^ hen 
they have been mistaken for bone cj'sts. However, their location 
should prevent this error. This appearance may be due to their 
rapid gro^N'th, and the fact that they have not had time to develop 
the characteristic trabeculre. 

Lesions of this sort have l)een seen in the tibia, femur, radius 
and the phalanges. 



Fio. 51,— Bodc c> tt in upper end of humerus. 



Tio. 52. — Bone cjst and fracture. 


Benign, gianf-ceff tumors must be differentiated from myeloma, 
malignant osteogenic tumors of central origin, and from simple 
bone cj’sts. 

Single myelomata closely resemble giant-cell tumors. The%- show 
identical trabeculation, expansion and thinning of the cortex. 
However, they are apt to occur later in life. They are most 
common in the scapula, spine or rilis. In the long bones they occur 
6 
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the benign from the malignant tumors. Tlie s<jft tissues are not 
in\ aded except in cases ^ here a fracture lias occurred. Tlie process 
does not cross the articular cartilage but goes rcailify through the 
epiphyseal cartilage differing thus from osteogenic sarcoma and 
m>c!oma nhich ma\ begin in the shaft near the epiplij K'al cartilage 
but «e!dom cni'S it. In adults the lesion is almost invariably in the 
cpiph\sis. and extends towan! the joint surface where it is sharjdy 
limited These tumors ajiparenth start verj* close to the eitiphj seal 



Tic. so.— C' jc t> pe ot tumor. 


line and advanc-e towanl tlie joint. Tlie shadow of the inxolved 
area, as seen on the roentgenogram. Las a characteriatic appearance. 
TTie hone is wndened, writh fofiulateef outfine. ft is more radiant 
than the surrounding structures, and dixided by many tral>ecul». 
They varj' considerably in size, and in the clearness with which they 
can be demonstrated. The ]>H>ce3S does not invade the neighf>oring 
soft tissue, but may extend along ligamentous attachments, and, 
in this way, invoh e the adjoining bones. characteristic finding is 
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either in the shaft or near the ends, but they do not cross old epi- 
pln seal lines to reach the articular surfaces. 

Malignant osteogenic tumors are not tral>ecu!alcd. They do 
not e.’^tend along bony processes or ligaments, but burst through 
the cortex, in\ading the surrounding tissues. 

Bone Cysts.— Bone c\sts occur m the long bones and in the jaw. 
The\ are a common lesion in the upper humerus in children. They 
are not trabeculated, and seldom expand the bone, 'nie {)rocess is 



Fii>. 33. — Oileitu fibrou. 


entirely within the shaft, and spreads longitudJnaJly in the medulla, 
without invclv'ing the cortex, which, however, may he considerahly 
thinned from pressure. There is no deformity in outline unless a 
fracture has occurred. Spontaneous fractures are often the first 
indication of the presence of a lesion, and tbe\’ are usually followed 
by extensive callus formation and disappearance of the cyst. Fol- 
lowing repeated trauma it is not unusual to find small cysts dev el- 
oping in cancellous bone, probably the result of localized hemor- 





Fia, Si.~^Ttbrvnia of fibuU. 


multiple cysts, which vary in size and sliape. Tiiere is considerable 
expansion of the bone, and spontaneous fractures are common as 
the result of the thinning of the cortex, "niere is no periosteal pro- 
liferation. This condition is most common In the femur. Some 
cases resemble mjeloma; other cases show an appearance very 
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rliflcv. Tlw rarjwtl lifmrx. {Ktrliiiii'trly i!ip 5rnj>lioi<! niwl wmlliinar 
are tlir om*< intwt <'f»tiininnly 

Osteitii ribrosa.— Allittl rarccotwlilion which 

tiiay irtNolxe oncor nllof the [«mcH. It con-.itts in the rcpfacvincnt 
of the noMii.nl strticturr l*y im-ptilnr ntniwl* of trnl>rciil.n*, cnclfninR 



rio. SI.>-Ft>irocnB ef fibuli. 


multiple cn>tH, which vary In tare am! UinjH*. There is conshlerable 
cxpariHon of the l)oiie, an»l sp«mtane«»UH fmetures are common as 
the result of the tliiniiinK of the eortex. There is no periostea! pro- 
liferation- This conilitioii is mo-t ci>mmon in the femur. Some 
c.i«cs resemble rnyeUima; other cnM-3 show an appearance very 
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simjJar to osteitis deforraans. Any patient showing the presence 
of one or more bone c\sts shoiJcl be carefully examined for evidence 
of paratbxToid tumors or disturbances in calcium or phosplionis 
metabolism. 

Fibroma. — Fibroma is a rare benign growth which occurs in the 
long bones. It expands the shaft, causes thinning of the cortex 
and sTiows 6ne tra^culation throughout its extent. It pursues an 
extremely clironic course. 

Hemangioma.— Hemangiomas arc slow growing lesions in spotig.v 
bone which b^in as a rarefiol area with hazy tralxxniLi* suggesting 
a giant-cell tumor. In older lesions the trabeculic iK-come promi- 
nent. sufficiently differentiating the two conditions. As the tumor 
grows the cortex is expandctl witli it and thinned, while the traliecu- 
latioDs become heavier. In the spine they seldom cause any change 
in the outline of the bone but the trabecule are rearranged with a 
characteristic accentuation of the vertical bands. 

Myxoma.— Jlyxoma is a benign leaionofteii found in the phalanges. 
It appears as a localizetl cj st-like area. The dilTcrcntiation lietween 
c>st. chondroma, myxoma and giant -cell tumor in the phalanges 
is extremelv difficult. 


Malignant Bone Tumors. 

Frimarj- malignant tumors of bone occur in joutli and eari\ adult 
life, generally before thirty xears of age. They often present mis* 
leading sj-mptoms, such as a historj* of injurj (In one-half the cases), 
an acute onset, with pain at night, a somewhat incrca'scd local and 
general temperature and leukocj'tosis. 

Osteogenic Sarcoma.— Sarcoma of bone is generally a rapid- 
growing tumor which metastasizes early through the blood stream 
to the lungs. Yerj- few cures have been obtained by any method of 
treatment. Early diagnosis is of the greatest importance, and the 
correct interpretation of the roentgen finding is perliaps tlie most 
important factor. 

These tumors appear as ringle lesions In tlie shafts of long bones, 
generally in indiriduals under thirty. Thex* may be osteoblastic, 
osteolj'tic or both. They do not cross cartilage or invade joints, 
but do destroy the cortex of-the involved bone, early in\-adiiig the 
surrounding soft tissue, producing a soft-tissue tumor whicli is xk- 
ihle on the film. There are four main tj'pes anatomically; 

1. Fibrocellular, wliich is chiefly periosteal. 
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2. Telangiectatic, involving marrow cavity, cortex and perios- 
teum. 

3. Sclerosing, involving all portions of the bone. 

4. Undifferentiated sarcomata. 

Rocntgenologically the first three tend to merge into one general 
group, as a single neoplasm may show characteristics of all three 
divisions. 


Fig. So — Early ost^ofienie Barcoroa. Mote the irreeular erosion of the cortex 
beneath the eofl-tJS?ue tumor as indicated by the orrows. 

Fig. S6 — The same case as in Fie (film taken six weeks later). There is 
now a large, soft-tissue tumor containing calcified strands. 

I'ibTOcelUilaT. — This is a tumor arising in the inner layers of 
the periosteum,e.\tendingaIongandencIosing the shaft. It remains 
encapsulated by the periosteum for periods varying with the 
character of the gron tb. Tendon insertions offer marked resistance 
to its progress. In the early stages, the roentgen appearance is 
that of slight erosion and mottlingof the affected cortex, surrounded 
by a soft-tissue swelling, which is quite suggestive of a beginning 
osteomj'elitis. ^^’ith increase in the size of the tumor, the erosion 
of the cortex increases, and periostea! proliferation becomes evident 
at the limits of the growth upon the shaft. This is a very character- 
istic finding. Strands of calcified material are seen radiating out- 
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ward through the tumor, produtiiig the so-called “ray-formation.” 
This b the form which has been quite generally called “periosteal.” 
Other members of tliis group show more medullary involvement, 
and may contain a mixture of cartilage or mucoid material, lliey 
are then sometimes classifieil as chondro- or myxosarcomata. 



Telangiectatic.— This form is characterizwl by an extensive devel- 
opment of bloodvessels throughout the gro\vth, with a^terio^ enous 
aneurbms which may be sufficiently large to cause the mass to 
jiulsate. -Vs might be anticipated, the prognosis in this tN-pe is 
extremely bad. There is considerable absorption of bone, and the 
lesion advances rapidly. Frequently the more solid portions of the 
growth show calcified strands similar to those seen in the prexnous 
group. 

iSc/rraHn<7.— The appearance of these tumors b due to the pro- 
duction of dense bone within the tumor, so that in typical cases a 
mass of ivory-like density obliterate the marrow cavity, and pro- 
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duces a more or less fu?iform sticlUn^ about ibc shaft. They are 
generally slow-grotting. and, os a rule, do not metastasize early. 
On the film, they present dense, cottony shadows resembling some- 
what benign ostcwliondroma. but they do not arise from a pedieJe, 
or contain trabcculate<l Inme. 



Flo. CS,— 0«l«wrnuT Mr«Mns liew),- JfoJp the psriojtfsl rrartion at A 

(anteropoalrrior 


(fndifferenltateJ.-'I’lm group of tumors is entirely osteolytic. 
In tlie roentgenogram, they show only loss of substance, and no 
bone proliferation, IlistoJogically they are composed of round cells 
which show no tendency to produce any definite structure. 

Endothelial Myeloma (Etring’* Tmnor),— KndotheliaJ m^-eloma is a 
tumor occurring usually Itetwecn. the ages of five and twenty-five 
years. It is particularly common in the tibia and fibula. 

One form resembles osteogenic sarcoma and probably is often 
diagnosed as such. The lesions are situatetl somewhat farther from 
tlie ends of the long hones, there is more cortical destruction and 
mucli more iwriosteal new hone formation, which may appear in 



DOSE PATUOLOGY 


8S 

layers jjartially or completely surroundiiif; the tumor. There may 
be spicules of bone ninninp perpendicularly to the corte.x, but again 
they are apt to be hea\ ler th.an those seen in osteogenic sarcoma. 



Fio ST — Tn>e of Cwins** tumor tomrtioior •oon in thr lone boorr. 



Fig. CO — EwinifB tumor of the EbuJs. 
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Anotlicr fonn of tfii« t«inor. illiistmtod in !'};». 59, profjwces a 
fairly \uiiforin expansion of the alTcctwl l*onf and a coarse trabecular 
stnicturc iK-Iiiiul an advancing area of rarefaclion. 



Fio. 01.— Sclerosing type of osteogenic sarcoma in upper portion of femur. 

The most frequent metastascs., ass>ho\Mi by tlie roentgen*rays are 
to the lungs, skull, spine and scapuKe. The tumors respond readily 
to radiation but the patients rarefy fite more than five jears. 

The process may he confusctl with osteomj elitis because of inter- 
mittent swelling, pain, heat, temperature and leukocj’tosis. 
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CaicinoEQa. — Carcinoma is alwaj^ metastatic in bone and is gen« 
erally multiple. It may inxolveany oneor all of the bones. It is 
not common in the extremities below the elbows and knees, affecting 
them only in cases of wide-spread and generally slow-growing 
metastasis. It produces a moth-eaten appearance of the bone, due 
to the irregular destruction of bone substance and its replacement 
by tumor mass. The cortex may be involved, but ordinarily only 
in the later stages. There is no periostea! reaction, and no change 



Fia. 62. — Pnmaiy cbondioearanaa ot U» tikM »'»mnliac Joint, 


in outline, unless spontaneous fracture occurs. In the skull, it 
appears as irregular areas of bone destruction, which ttpically are 
Uro.'.tsd iV'w, tiXid xfiJt Wfrtfrvt ■efCroft \a\Ae. hWien iVit 

spine is involved, tliere is more or less extensh e destruction of 
se\eral bodies, but ordinarily they do not collapse, owing to the 
fact that the dense tumor tissue affords considerable support. 
This is of importance in the differentiation from tuberculosis, lues 
and myeloma, in w hicb collapse of the affected bodies is the rule. 
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There is a seeoncl form of metastatic carcinoma generally secon- 
flary to a tumor of the prostate or breast, which Is of extremely slow 
development— cases having Ixecn seen ten years after the recogni- 
tion of the primary disease. It is cliaractcrizcd by the extensive 
production of dense bone in the vicinity of tbe legions. Its usual 
site is in the spine, fwh'is ami rilw, which Jxrome greatly increase*! 
in density, and coaracly mottled from the intcrminglcil areas of 
rarefaction and condensation, 'flic lesions may l»e confu'ied with 



Fio 01.— Mfcom*. Tl>e piwww I» purely 


mteiti* fh-hniiani. T3«* hwg ti>ay a)^> }m‘ t>! 

(his ciimlition. Morv ttitvful iti'jKrthm will show tJiat the pirturr 
is prcxhiced l>y ndjamit areas of Inme destruction nn<l prollfcrallon, 
with the latter prinloniinating. niwl that (lien* i^ no evidence of the 
rrarrangement of tralx'cul e into tmiHlIes which H typk-al of 
tfofonnans. In O'teilN «frfi*nnans the f«nics are enlarfftil and maj 
Iwlxjwwl. Alr‘'cncfof rtilargrinent suggest'* carcinoma. Mcla*tatic 
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carcinoma is seldom seen in the ertremities below tlie elbows or 
knees. 

Other Bone Tumors. — Almost any tj'pe of tumor may be cnconn- 
tere<l in the bones, and the roentpen appearance of different patho- 



Tin 64 — ^^etaslatlc circinonia. Xotc Ibe area.i of destruction in the wing cf 
the ilium, in the Uchmm, nnd in Ibe neck and trochanter of the femur All aie 
common sites of ln^oUeI^en^ 

logic entities is naturally actj* similar, as they are manifested only 
by irregular areas of bone destruction, Ttbich are not characteristic of 
an}' particular neoplasm. Thej’ ate commonly diagnosed as card* 
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noma rocntsciiologically. Under tliisljcaditig arc: li\pcnicpIiroma, 
cndothcUoma, inyeloma. lymplmsarmno, e!c. 'I'Ijc age of tlic 
patient and tlic dbtrilnition of lesions may be helpful. 



Tia os.— 'M«taa(3li<! bypemephroma of clavicle and scapula. 


Hypernephroma.— IIj})eriu*pbroma may occur ns a single or mul- 
tiple bone lesion. Its drstrilmtion throughout the skeleton corre- 
sponds to that of red bone-marrow. It is particularly common in 
the skull, stormun, ribs and bodic*s of vertebra?. Single lesions are 
easily mistaken for osteogenic sarcoma when the primary growth 
is not evident. Tlicy not infrequently produce a bulging of the 
cortex, or destroy it, invading the surrounding soft tissue, and. in 
tins respect, they differ from otJuT metastatic tumors. They are 
characterized by local areas of rarefaction, loss of trabecula* and 
absence of non’ bone formation. 

MyelQtoa.—Myeloma is a slow-growiug. malignant tumor usually 
limitetl t<» cancellous bone. It is found chiefly in the ages between 
forty and sixty years. Single leaons show coarse trabeculation 
identical with that seen in giant-cell tumors, hut the latter occur 
in the ends of the long bones while myeloma is more common in 
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the shaft. A favorite location in older people is the spine and ribs. 
When located near the ends of the long bones they do not extend 
across the level of the old epiphyseal liJies. This is the t\T>e of 
lesion usuall\ classified as the plasma-cell variety. Owing to its 
slow growth, deformities in outline occur as a result of thinning 
and expansion of the cortex overljing the growth. For the same 
reason, spontaneous fracture is fairly common. Multiple myelo- 



Fig 66 — Xlujople myrloisft. Xol# tbe Fmalt of dumuished density with 
rstber hszy ouUidm »caltmd Utrou^bout the ckull. 


mata are more common. Thw appearance resembles that of metas- 
tatic catctwama, b\it the areas are finer ami hazier in tyiiliine. Lesioiw 
in the skull are more characteristic (Hg. 6G). Tlie distribution is 
similar, favoring the ribs, sternum, \-ertebnc, skull, jielvis, scapula 
and humerus. They may be aceomi»med by the presence of Bence- 
Jones albumin in the urine. Some cases ha\e responded well to 
roentgen therapy for a time. 
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Chlororaa— Allied to myeloma and the leukemias, is a form 
of tumor which wciirg in the skull, usually in the vicinity of the 
orhit, and in the vertchne, ril>sand lonp hones. It is seen most fre- 
qiiently in childhoo<l, and, ocrasionally, after forty It runs an acute 
course and is usually fatal. However, the lesions are very sensitive 
to radiation and s(»me cases arc well cipht years after onset 03 a 
resH?f of cnrcfdl roentgen therapy. -In iiulefinitc area of rarefaction 
appears in the temporal or frontal ifgions sometuncs accompanied 



Fio, fi7. — Pl»»n>a-crU myeloma (tingle lesion). 


by separation of sutures anti other evidence of incrense<l intra- 
cranial pressure. Sccontlary lesions soon develop elsewhere in 
the skeleton. At first they are purely destructive, hut a periosteal 
reaction occurs o\ er them as they readi the surface and tliis new 
hone formation is greatly increased by roentgen treatment. 

Malignant Lymphoina.— Malignant li;-mphomn appears as a patchy 
rarefaction of the tj-pe seen in any metastatic malignant in bone. 
It occurs most commonly in the spine, ribs and pelvis. Affected 
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\ertebral bodies usualK collapse to .some e\tent. ITiese lesions 
are prone to occur in the late stages of the disease, although appar- 
ently primarx bone foci haxe been obser\-ed. 

Neoroblastoma.— These tumors frequently invohe the skull in 
children and young adults, produring multiple areas of destruction 
resembling metastatic carcinoma in older persons. (See Fig. 68.) 



TiO — N’eujnNBStoma 


Leukemia.— Several cases of lymphatic leukemia in children and 
\ oung adults have shown slight irregular erosion of the cortev near 
the ends of long bones and occasional areas of destruction in the 
medulla on the shaft side of the epiphjses. 

Anemia. — The spongy bone containing red marrow (ribs, spine, 
ends of the long bones and the skull) may sliow coarse trabecu- 
lation in the course of any chronic anemia, as the result of hx-per- 
trophx of the blood-forming elements. 

In a particular form of anemia occurring in children of Mediter- 
ranean parentage, the bones become rarefieil, nith a transparent 
medulla containing finely penciled trabecujations, with large inter- 
spaces. 



CO. — KcuroMMlotDV 
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The skull presents an increase in size of the cranial bones, with 
thin tables, and a sponpy diploic structure. 

As the process continues, striations de\'elop within the calvarium, 
perpendicular to tlie tables. Riving a characteristic picture. 

\ similar appearance is seen in sickle-cell anemia. 



Fig 71. — Malignant Ijmphoina iaTOlvuig the body of the third eerrical %ertebr». 


DISEIASES OF NUTRITION. 

Scurry.— This condition is commonly seen during the first jears 
of life, and may or may not bate an associated rickets. The earliest 
evidence of its presence is a thin white Kne in the shaft margin 
of the epiphjseal zone. This line k thinner, denser and more 
sharply defined than the one seen in rickets. Jt tends to spread 
out into the soft tissues beyond the line of the shaft. Very fre- 
quently irregular areas of rarefaction several millimeters in diameter 
appear in the shaft, at the junction of the cortex and epiphj'seal 
zone. Later, in the clinical course, subperiosteal hemorrhages 
appear as more or less extenshe irregular eleiations of the perios- 
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teimi nlonc the shafts of tltc fonp bonw. In severe eases, the hcinor- 
rlinRc may be stifTieiont to prcxluce separation of the epiphyses. 
Tiic final process consists of orjtanization of the clot, liich produces 
a sliadow of consKfcrable jfensity ntiout the shaft. 



Fio. 72 —Scurvy, well nd^anced. Note the ormnited hemorrliaec about the thalt 
at A, and the white line at B, 

Differential diagnosis Is from lues, lead poisoning and ostconn clitis. 
In lues the process is more generalized, the periosteum is less ele- 
vated, and epiphyseal dislocation does not occur. In osteomyelitis 
there is destruction of the shaft, which is unaffected in scorbutus. 
The clinical picture is generally characteristic. In lead poisoning 
the dense line at the end of the sliaft h thicker than in scurvy and 
there are no subperiosteal hemorrhages. 

Rickets.— This is a disease usually occurring during the first den- 
tition and affecting mainly the Imnes wJiich are growing rapidly 
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n'lien the process begjijs. 'The skull and tborax arc first jnvohcd, 
later the long hones. In the rocntgenf^n^m, one secs a flaring 
and widening of the diaphysis aWe the epiphyseal line, and the 
zone between the shaft and epiphjsis is increased in thickness, with 
ragged, fring> margins (Fig. TS. A). Tlie trahecidre in the spong>’ 
bone are coarse and prominent. TIic shaft sule of the cpiphjsea? 



Fio .3. — Active ncLets Note tbc ragged line at -d. and tlie coan* 

trabcculatioB at B. 

zone ma\ appear as a tnins\Fi>e homogeneous hand * to | Inclt 
wide. As healing on?iir> this hard rccalcifies and produces a dense 
white line along the central mai^n of the epiphyseal cartilage. 
The shaft may he bowed, anti the cortev considerablt thickened on 
the conca\e side of the ciir\e. Alild periosteal proliferation some- 
times occurs. Tljere ore areas of decreased density In the CTariial 
hones accompanied b\ prominences of frontal and parietal Imsses. 
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In true rickets the chntige^ nn* itinfincil to the ends of tlic bones 
afnl enjarffcnicnt /ind rarefaetimi ore ij«t not notict'abic. 

Renal Rickets.—Keiial rickets is n disease of l>onc association 
with chronic interstitial nephritis occtirrinp in children. The 



Tio. 74 — Bowing of Jlio tiliK in an adult, due to rickets during childhood, 

characteristic changes are at the epiphyseal lines. The epiphyseal 
zone is increaset! in thickness and the margins of the shafts adjoin- 
ing them are somewhat cupped and ragged. The metacarpals and 
phalanges may be involvctl in the more severe cases. 
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In the marked and chronic cases the bones acquire the appear- 
ance of an osteomalacia, with thin cortex, coarse spotigj* tral)etula- 
tion, wide Lrregiilaritx ard hazines? of the epiphy<^^l ends of the 
shafts. 

The canc-ellous tissue is c'oarse and the cortes is thinned in the 
spine, the \ertehral bod> may present an appearance seen in the 
vertebra of fishes. Tlie upper and lower surface of eacli Inxly is 
conca\e and the intervertebral spaces fusiform. 

Lead Poisoning. — Children nlio haie eaten paint ccntatnwc: lead 
off their cribs or toys, or who have untested lead in any other way. 
show dense bands acrois the shafts of the loop bones at the epiphy- 
seal lines, due to a deposit of lead. The thickness of the hand 
depends upon the len;rth of exposure and the amount incestcd. 

BONE CHANGES DUE TO GLANDULAS DYSFUNCTJON- 

Hyperpitiutarism.— Cberactivity of the anterior lobe Wore 
puberty causes pcantbrn and after the epiphyses ha\e closed, 
acromeitaly • 

In pigantism the bones are eJoogat«l and enlarged. Otherwise 
the changes differ from acromegaly only in degree. 

In acromegaly tliere is a prr^w«5)\e enlargement of the face, 
hands and feet, accompanied by a spherical expansion of the sella 
turcica, due to the pituitary tumor. The floor of the sella turcica is 
thinned and the chnoiil processes are deformed by pressure. The 
facial bones are enlarged, with a marked increase in size of the 
air-spaccs, and the mandible is elongatetl. Tlie bones of the hands 
and feet are enlarged and show characteristic tufting of the terminal 
phalanges. The general structure of all the bones is coarse and 
hea\-y. 

Hypopjtnitarism.— Ilypopituitari'ra cau««s retarded development, 
resulting in dwarfism or infantilism, with a sell.x turcica which b 
small or On the low side of norma]. 

Hyperthyroidism.— Tliere b an increased rate of development in 
children, resulting in a somewhat advanced bone age. Adults may- 
show a slight amount of decalcification in tlie cancellous hone. 

Hypothyroidism, — Iljqiothyroidbm causes delayetl development, 
evidenced by the retarded appearance of ossification centers and 
the late closure of cpiphy seal lines. 

The parathyroids are of greater importance becatise of tlieir 
control of ralcium metalwlbm. 
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Hyperparathyroidism.— Hyperparathyroidism pivos rise to in- 
creased mobilization of calcium from the bones, which become 
rarefiCfl, with thin cortical margins and fine widely-spaced tmboenhe. 



Pia. 7S.‘—Aehoadroptasi^ 


Stones are readily formed in the kidneys from an increased calcium 
excretion. The bones usually show c\st formation, which may be 
localized or widespread. TJiCse c^sts differ from simple cysts Jn 
that they may occur in any part of any hone and they are often 
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as\ mmetncal. Thc\ \ary greatly in size and some resemble the 
earU stages of giant<-eU tumor. 

Spontaneous fractures are common. Advanced cases show a 
loss of height, due to -softening of tlie vcrtebne and bowing of the 
long bones, with compression deformities in the pelvis and skull. 
The bodies of tlie \ertebnv are biconcave and tlie Intervertebral 
spaces are widened, producing the so-called “fish vertebra.” 



Fic. .6. — Abnonral «piiiliyieal (Jnvlopinrat due toendi>eTuiedt5or<Jcr;ratieDt sged 
l»en«y-ooe rear* 


The disease is subject to periods of remi-^ston, when recalcification 
occurs. 

The calcium which is mobilized from the bones may be deposited 
where\er an acid reaction is present, as in the Udnevs, lungs and 
the wall of the stomach. 

HypoparatijToidism.— H^poparatlijToidisni gf^es rise to a dense, 
heavily calcified skeleton. 
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Achondroplasia (Cboadrodystrophla Fetalis). — The bones in this 
condition are shortened, compact, and, at times, bowed. The epi- 
physeal line is very thin and sharply defined, and closes considerably 
earlier than the normal. This results in an adult whose long bones 
are very much shortened, with corresponding loss of height. In 



Fio. 77.— Spine in oeteochondrodj atrophy. 


the carpus and tarsus, the cancellous structure is rather coarse and 
the cortex thin. This process is said to intoJve only those bones 
in which ossification has begun before the sixth month. 

Allied to achondroplasia is a condition which has received the 
name of chondro-osteodystrophtf, in which the patients seldom exceed 
1 meter in height, owing to a delajed and distorted development of 
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the epipiij ses and \ ertebral bodies. There is a characteristic inepu* 
larity in the outline of the carpal and tarsal bones. As far as they 
ha\e been obsen ed these patients do not reach be\ond a bone a?e 
of twelve or fifteen \ears. 



Tig. TS — OsteogeoMis imPerf«ta. 


Osteogenesis Imperfecta (Pragilitas Ossium, Periosteal Dysplasia 
or Osteopsathyrosis). — -In the infantile form of this di>ea‘«, the bones 
show great diminution in lime salts and thinning of tlie cortex, 
without changes in size. This results In a weakening of the structure 
of the bones, and multiple spontaneous fractures occur, usually 
folJoaed by a fair amount of callus formation. A characteristic 
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feature is tlie appearance of tl>e skull, tlie calvarium of which is 
composed of a great number of small plaques of hone irregularly 
united by fibrous tissue, presenting a mosaic appearance. 

In tlie adult form of the disease, the bones are nearly normal in 
size and calcium content, but generally present considerable defor- 
mity as a result of the multiple spontaneous fractures whicli the 
patient has sufTered. These patients often have blue sclcrotics and 
progressive oto^scierosis. 



Fio. 79. — Osteitis deformans Note Ifae charactcnstlc trabcculation in the sacrum 
and both fcniorai necks 


Osteoina\acia.— Osteuma^am as used cVmica\iy refers to a lorm 
of bone softening with decalcification, resulting in bending, bowing 
and fractures. It is a generalized disease, most common in pregnant 
women, as the result of dietary deficiency and absence of sunlight. 
The bone.s are transparent and the trabeailie large and coarse. 
The long bones are bowed and may show multiple fractures. The 
appearance is similar to that seen in disturbance of calcium inetab- 
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oli'm. due to o\eracti\ity of the parathyroids. Stones are often 
present in the kidne\s. 



Fic so. — <M«ta deforroaDS. 


Osteitis Deformans (Facet's Disease). — Osteitis deformans is a 
disease appearing in middle age ami later. It is a slowly progres- 
sive process usually invoking the bones of the lower e'ctreroities, 




is important in the differentiation from lues, which very rarely 
affects the epiphyses in the same manner. In the skull this condi- 
tion causes an increase in the sire of the liead as a result of expansion 
of the cranial bones, which show great thickening of both tables 
and coarse mottling througliout the diploe due to alternating areas 
of increase<l and diminished density. In early cases, there may be 
an extreme rarefaction of a considerable portion of the calvarium. 
The sharp contrast between the normal lione and the adjacent area 
of decalcification makes a striking picture. Marked calcification 
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in tbe arterial walls is generally associated with this disease. Stone 
formation in the kidneys is common. Films of the kidney areas 
should ahva%s be included in an examination of a case of Paget’s 
disease. 



Tia. 62 — Hj pertropbie puliDOoary osteo-artlinipstby. ■ 

OTHEB BONE DISEASE. 

Hypertrophic Pulmonary Osteo-arthropathy. — This process begins 
with enlargement of the soft tissues of tlie ends of the fingers, 
so-calIe<l club-fingers. The terminal phalanges become expanded 
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at tlieir tips, and proliferation of the periosteum, which is difficult 
to distinguish from that of lues, appears along the mctacarpals and 
phalanges, particularly those of the fifth fingers and toes, and 
frequently about the distal ends of the long hones. Rarely the 
process may invohe all the periosteum of the long bones. As a 
result, these hones ha\e a thickened cortc\ and, in the later stages, 
arc increased in width. The joints are also involvetl in late stages 
and show erosion of the joint cartilage, spur fonnation, and even 
ankjlosis. The disease is associated with chronic infection or 
malignant disea'ie of the lungs. 


\ 



Fio. S3. — OsteopojVilcwis Woman, aged thirty-five ytars. Ne^e^ any bone 
, tjmptoDis. 


Osteosclerosis (Marble Bones). — A rare hereditary disease in which 
the hones throiigliout the skeleton of both children and adults are 
found to be so dense as to reteal no internal structure whatever 
on the roentgenogram. The long hones are not enlarged, but they 
are unusually fragile and spontaneous fractures are common. Heal- 
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ins is not dela\e(I. A secondaij' anemia may be present from 
restriction of the marrow spaces. 

Melorheostosis.— Melorheostosis is a similar process in which dense 
areas of calcification appear along one margin of a long bone or 
along one segmental area of distribution in an extremity. 

Osteopoikilosis.— Osteopoikilo^ is an heretlitary disease in whicli 
man> small rounded or oval areas of compact density are found 
scattered through the cancellous tissue of the skeleton. In some 
areas these spots tend to lie rrith their long axes following the main 
trahecul'c The condition is usually found accidentally and is of 
no clinical importance. 



Fia. ^i'—O’leocbondnus of tlt« »capboKl (Kihltt’t ,) Flalter.ed scaphoid 

{nctleated by arro<r. Nontial foot od nebt, 

Hemopliilia.— The skeletal evidences of this disease are due to 
subperiosteal hemorrhage, causing a diffuse elevation of the peri- 
osteum, suggesting a low-grade inflammatory process, and recurrent 
hemorrhages into the joints, particularly the knee and elbow. These 
result in thickening of the soft ti'v-siies and erosion of the joint 
surfaces. 

In children squaring and enlargement of the epiphyses may be 
seen similar to that occurring in tuberculosis. 

Subchondral Necrosis (Osteochoiidri&).— This disease includes a 
large group of lesions usually referred to under the names of the 
men who first described them. The disease is usually local but may 
l>e generalized. The involxed bones first show haziness and irregu- 
larity in structure, foUoned by sclerosis, fragmentation and flat- 
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tcning. C\ St-like areas may appear in the di'eased hone. The 
affected bones usiialh heal in time, causing ^ arsing degrees of 
deformity. 

The process appears in different locations at sarious ages, depend- 
ing upon the time of appearance of the ossification centers. Any 
bone in the bode mas he in\ol\-ed. It is an aseptic necrosis result- 
ing from an intermptlon of the normaf h\ood supply. 



Fig — Gancher’i INbPaoe. 


A common form is the condition knomi as Legg’s or Perthes’ 
disease, a flattening and fragmentation of the femoral head in 
children uhich in its early stages maj lie mistaken for tuberculosis. 
However, in this condition, the diseased bone maintains a better 
density and there is less of the general haziness and joint destruction 
so characteristic of tuberculosis- The clinical course is quite differ- 
ent and the process tends to heal in the course of a j ear or so, w ith 
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a residual llattciiing «f the head and usually an increase in the 
width nf tile ncc’k of the femur. 

Tilt* pn^(Ys5 was ile'.crihc*! h\ KtAler os occurring in tlic tarsal 
scaphoid in ho\s hetween the apes of three and nine jears. Koliler 
and I'reiluTp called attention to a similar chanpc in the head of 
the sewml metatarsal, secji usually in pirls near the ape of twenty 
\ears The articular end of the distal extremity of the hone hecomes 
ll.ittentsl or even coiunne ami may Ik? irreptilar in outline and 
increased in density. The adjacent |H>rtion of the shaft is increased 
in width hilt the joint space is not alfectctl. 

Kienl>ock's name has hc“en piven to a form of the di-'Ca-sO devel- 
opinp in the semilunar hone some weeks or inontlis after an injury. 
It usuallx oceura in indivi<luals with a relatively short ulna. 

( 'ah c describetl the appearance of this lesion in the epiphyses of 
the vertebral hodie.s. and mon? rec(*iit!.\ Hopers and Cleaves liave 
shown that it may afTcei the epiphyses of the sacroiliac joints; the 
lesion oceura in children in their teens and is eommonly mistaken 
for tuherculobis. 

Similar clianpcs have been descrilKiI in the epiphjsis of tlie os 
ealcis, the patella and in the capitclluin of the humcnis. 

Gaacher’s Dis<Me.--Gau<hcr’s di>easc is a nm* eonpenital anti 
familial disease seen mostly in jounp females of the Jewish race. 
In addition to enlarpement of the liver ami spleen, pipmentation 
of the fact? and bands, and a bypoehromieanemia, there is a ran*- 
fnetion and cortical tliinninp of the sponpy hone. The areas most 
commonly affected arc the vertehne, femurs ami tihia. Tlie lower 
thirds of the femurs are characteristicidly exjiandetl anti the tra- 
becular structure is coarsely mcshc<l, owinp to the presence of 
inasies of larpe Gaucher’s cells wliieli replace the norma) marrow. 
The vertolinc may collapse as in osteomalacia. 

TROPHIC CHAHGES. 

Senile Atrophy.— The bones of old people share in the general 
atrophic changes of the body. They are less dense, the cortex 
is thinned, and the spongy bone becomes delicate in structure. 
Ultimately, there is a gradual decrease in the size of the bone. The 
process begins in areas devoid of muscular attachments, and involves 
most extensively the flat bones, especially the calvarium, pelvis, and 
scapula*. 
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Osteoporosis.— TLe term “bone atrophy” lias been commonly, 
though erroneously, ecnployetl to designate a process of rarefaction 
in bone An area of bone, following injurj', hxation or infection 
in its ncinitj , ma\ lose a large portion of its density and become 
radiolucent This process may be acute, coming on within a few 
daj s after injurv ; but it more commonly requires from ten days 



Fig SS. — Troptuc chimeps in tb? tourth and GIth lo*s f<d!owine old fracture nfltunbai 
rpine, irith pre^igus operatj>e reinoral of phalanges of second and third toes. 

to several weeks for its development. It occurs in two forms — 
the spoffetl anc? diffuse. The spotted form consists of rauftipfe 
small areas of rarefaction, from a millimeter to a centimeter in 
diameter, scattered through the affected bone. Tliese areas may 
remain discrete with fairly normal bone substance between them, 
giving a picture similar to that of metastatic malignancy; but 
usually the intervening bone gradually becomes rarefied, producing 
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a diffuse decalcification throughout the affected area. The diffuse 
form is commonly seen in extremities after fi.\ation for some weeks, 
or involving the bones about an infected joint, or in the bones of 
the hands and feet in cases of infection of the overlying soft parts. 
As its name implies, it is a uniform loss of density which ordinarily 
includes se\eral bones either wholly or in part. The mechanism 
of these changes is not well understood, but seems to be in some 
way connected with the circulation. 

Changes Associated with Nerve Lesions. — The most common 
example of this condition is the Charcot joint which occurs in tabes 
and sjTingomyelia, where there is complete disorganization of the 
joint, with extensive destruction of the articular ends of the bones, 
and the occurrence of multiple loose fragments scattered through the 
joint. There is no diminution in density in the affected bones, in 
fact, there may be an increase. 

The shrinkage and ultimate disappearance of the terminal 
phalanges in leprosy has been mentioned. In long-standing cases 
of fractured vertebrje, the phalanges of the toes may progressively 
diminish in size and ultimately disappear. There is also erosion 
of the articular ends of the metatarsals. A similar process has 
been observed in a case of diabetes without obvious ners’e changes. 
Harefaction of the bones and thinning of joint spaces of both hands 
has been noted in connection with scleroderma. In Rajuaud’s 
disease there may be shrinkage and gradual disappearance of ter- 
minal phalanges. 


A TABULATION OF THE FINDINGS IN THE .MORE COilMON BOxNE 
LESIONS FOR USE IN DIFFERENTIAL DIAGNOSIS. 


OareouTELiTig. 

1. Ucually a single lesion. 

2 Both destructive and prohferatne. 

3 A disease of the shaft, involvins the 

epiphysis — iBrely the joint. 

4 Produces bone atrophy and sderosis. 


5. Usually starts in the medullary por* 

tion and invoUes the cortex, pen* 
osteum, and soft ti-sue 

6. Occurs at any age. 

7. Enlargement and deformity of the 


TCSERCULOSIS. 

1. UeuaUy a single lesion. 

2. A destructive process. 

3. A disease of the joints and epiphyses. 

4 Rarely invades the shaft and soft 

tissues The neighboring bones 
shoiv marked atrophy. The peri- 
osteum IS uauaffy not mvofvetf. 

5 More common in children. 


6. The size of the bone may be small, due 
to interference mth growth. 
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A TASULATION* OF THE FINDINGS IN THE MOIIE COMMON BONE 
LESIONS FOR rSE IN DIFFERENTLAL DIAGNOSIS.— <Con/inueiI) 


StpBiua 

1 L'suall} a multiple process 

2 Usuallj proliferalj\e The Ruinma- 

tous form, i^fuch is rare. >a both 
pro!iferati\e and deeinieme 

3 Usuall} a disease of the shall, and 

rarely iQtohea the joint andepi* 

ph>ai5 

1. Usual]} confined to the penosteum. 
but ma} in\oUe the cortex, does 
not cause bone atrophv 
5 May appear at any age 


6 There in.s} be enlargement and con- 
siderable delormit] of the lionrs. 

Mveloua. 

1 Fingle or multiple lesions 

2 Trabeculated. 

3 Do not uj}tiU'e epiphjw character- 

istic skull changes 


4 Late adult life 


CaBCSNOUa. 

1. Multiple lesion. 

2. Usually pure]) destructite. rsrel) 

there it bone proliferation about 
the invaded area. 

3 AttacVathemedullaaodconexof the 
long and Sat bones; the penos- 
teumandjomtaare notintoltcd 
L A disease of adults. 

5 In the prolifemtive C)'pe, the bones 
ma) be enlarged and deformed 

OsTEoocvTC Ssneosia 
I. Single lesion 

2 Both destmclire and proliferative 

3 Involves the distal third of the shaft, 

rarelytheepiph) SIS, never the joint. 
i. The cortex ol the bone is deatroyrd 
and the soft tissues invaded 
5 Usually in young adulu 


PAOET'a Disuse. 

1 multiple lesion. 

2 Prolifemthe. 


3 Involves the shaft and epiplutis— 

the joints are not affected. 

4 Late adult life. 


5. Overgrowth of the bony structures 
and abnormal trabeculacioo; the 
eolt tissues are not invaded. 

C tkinrs are enlarged and may be 
liovred. 

0«t>CT-CEU. Ti-vo*. 

1. Single trsbeculatcd lesion. 

2 Dcsiruftivetyi'e 

X Involves the eptplijtls and the end 
of the shaft, the corle* may be 
thinned, Init is not invaded, tb* 
joints and soft tissues are unaf- 
fected. 

4. ChOdhsod and adult life. 

5 The bone is locally deformed. 

Bone Cist. 

I Single lesion. 

2. Purely desiructire. 


3 Located in the medullar)' portion of 
shaft; does not invade the cortex, 
joiDt, or soft tissue 
4. Children and } oung adults 
5 The bone is not deformed. 


OsTEOntOVOBOUX. 

1. Csuall) a single lesion with pedicle. 

2. Purely proliferative 

3 .Arisesfromtheeonei: neveriavades 

the bone. 

4. Common in children and jousg 

adults. 

5. There may be some deformity of 

bone from pressure; structure of 
the growth contains normal bone. 
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CHAPTER V. 


THE SKULL. 

Roentcenologt of the its contents, sinuses, mastoids and 
teeth has become a field of its owti. There is naturally a close asso- 
ciation between the teetli and sinuses, and the two should always be 
studied together. The bones of the skull are subject to fractures 
and diseases affecting the skeleton gcnerall\', nhich ha\'e previously 
been considered to some extent. 

Fractures of the calvarium are readily recognized if extensive— 
the sharp, dense black, clean-cut lines of linear breaks being obvious. 
Only when they follow bloodx’essels lines, or extend into sutures, 
is there difiPiculty in the diagnosis. Small venous channels in the 
frontal region, and the irregular suture lines below and behind the 
mastoids are often mistaken for fractures. This mistake can be 
avoided by taking the opposite side for comparison. Depressed 
fractures and fractures of the inner or outer tables may be repre- 
sented in the lateral film by slight changes in the bony structure. 
Therefore, suspicious areas should always be checked by tangential 
viens taken from at least two different angles (see Figs. 12 and 13). 
It should be remembered that the middle meningeal grooves are 
filled largely by the veins which He between the bone and the 
artery, and that relatively small injuries involving these grooves 
may cause extensive slow venous hemorrhage. Fractures of the 
base, even though of considerable extent, will be overlooked in 
routine lateral views. Various vertical projections of the base are 
necessary to demonstrate them. 

Fractures due to falls from a standing position are usually linear 
and run meridianally through the calvarium. Stellate or com- 
miniitcfl fractures are due to the impact of a solid object or a fall 
against a sharp, hard object. Repeated blows with a blunt weapon 
eawse mwltipk. fine Uneai fiacVuTes in boib and ftnady a 

depression of one or more fragments after the tables have been 
sufficiently weakened. 

Ring fractures of the base, partly or completely encircling the 
foramen magnum, follow falls from a great height or in conditions 
where the vertebne tend to be thrust up through the base of the 
skull. 
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It is not good practice to submit a patient, suspecte<l of ha\-ing 
a fractured skull, to a prolonge<l and tiresome roentgen examination 
within a few hours of the injury, when his symptoms are due 
mainly to hemorrhage or damaged brain. Siicli investigations are 
much mote satisfactorx when the acute symptoms have somewhat 
subsided. 

Fracture lines ma\ persist for from si\ months to two jears after 
an injury. In children the\ tend to disappear earlier than in adults. 



Fio. — Syphilis of cslvanuia. 


The most common infections are osteomyelitis and lues. The 
former Is generally a low^^rade, slowly progressi\e process arising 
from a sinus infection, rarely from a wound. It is likely to be 
stublwm and difficult to eradicate. In the early stages the roentgen 
e’camination may be negatKe, but when the infection is well devel- 
oped it causes a moth-eaten appearance in the bone, with ragged 
margins. There is no new lione formation. Xot iiifrequentl.v the 
infection extends along the diploic xeins, producing new aroas of 
ilestruction entirelv distinct and separate from the original area 
of the abscess. 
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Lues cause protean lesions. Thej maj be ragged, irregular, 
destructive processes giving a moth-eaten appearance suggestive of 
metastatic malignant disease. A variant of this form is the occur- 
rence of multiple clusters of fine, punctate rarefactions forming 
patches a centimeter or more in diameter. Others will cause con- 
siderable new bone formation and will appear as scattered areas of 
irregularly increased density. The frontal bone has long been known 
as a common site for luetic lesions. A point which sometimes helps 
in the identification of the process is that the lesions tend to involve 
the outer table, whereas malignant disease, being blood-borne, more 
often invades the diploe. Tangential films are therefore helpful. 



Fio. 90.— Locaijied hyperostosis of fitmtal region indicnted by the arrow. 


Hyperostosis.— The frontal region is at times the seat of a local- 
ized overgrow th of bone, a hjlierostosis w hich may be stationary or 
slowly progressite. It may be the result of a low-grade infection, 
hemorrhage, or a true tumor formation. Headache is a common 
symptom. 
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A similar affection (las long been known under the name of leon- 
tiasis ossea or creeping periostitis. It may be localized al>out the 
sinuses or nasal foss'c, or spread slowl> over the maxilla’, frontal and 
parietal regions. L*suall\ the mandibles are involved. There is a 
tremendous ove^o^v'th of masses of ixoiy-Ilke bone, with soft 
tissue thickening o\ er them. The condition may be confused with 
Paget's disease. 



lie, 91. — Ostnt» dHonnans. 


Malignant Disease.— Cardnoma, hv’pemepbroma and mjeloma 
produce destructi%'e lesions, which are multiple, arising in the diploe. 
These are usually associated with other lesions in the body which 
establish the diagnosis. 

Sarcoma may develop in the caUnrium or base, and does not 
differ from sarcoma in other flat bones. 

Nenroblastoma. — XeurobJastoroa is a tumor, occurring in children 
under twenty \ears, tisually primarj' in the suprarenals, but it may 
have its origin in any part of the sjmpatlietic ner%'ous system. It 
metastasizes early to tlie skull and other bones. In the skull the 
process resembles the metastases from carcinoma. The areas of 
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bone destruction arc finer and ha\e a more mottled appearance; 
and in addition, there is a periosteal reaction in most cases. Clin- 
ically, in addition to the chanpes in the Iwncs, there may be pro- 
trusion of one or both eyes \\ith discoloration of the lids, a pro- 
found secondary anemia dcveio|>s and an abdominal tumor may be 
felt. 

Chloroma. — Chloroma rclatctl to myeloma and leukemia, and so 
called from the \ellowish orprecnish color of the groviidh, appears in 
the form of a dcstructiTO f^ion near the orbits or sinuses. 

Any soft tissue tumor may cause erosion of the bone in pro\imitj 
to it, e. g., cirsoid aneurism and cholesteatoma. The latter is a 
benign tumor, ^fost often seen in the temporal regions, they may 
cause extensive destruction of bone. The margins of the involved 
areas are shandy defined ami quite dense. 

Endothelioma of the «lura. when it nnoKcs the bone, protluce.s 
a characteristic, coarselv granular area surrounded by large dijdoic 
veins with fine spicules of new lione formatioti in the tumor mass. 

Osteitis deformans affects the skull In various wajs. At first 
there may be an almost complete decaleification of a large portion 
of the calvarium. Csuallv tliere is a niarkeil overgroviih, leading 
to progressive enlargement of the head. This is due to diffuse 
thickening Involving both cortex and diploe, sometimes one more 
than the other. Usually small areas of increased density are scat- 
tered throughout the affected .area. Other portions of the skeleton, 
notably the pelvis, are practically always involved (see Figs. 79 
and SO). j 

Defects in the cranial bones, vertebr.e, peh is, ribs and even long 
bones sometimes associated with diabetes insipidus and exophthal- 
mus are chic to deposits of lipoid material or cholesterol. The 
condition has been called xanthomatosis. 

There is a rare deformity of the new-born associated with men- 
ingocele and encephalocele, in which the skull presents a smooth 
outer surface, with cyst-Hke areas, separated by radiating bony 
ridges on the inner surface. This condition is supposed to be due 
to feta! hydrocephalus. 

Erythroblastic anemia, a disease of childhood, causes an increase 
in thickness of the calvarium, marked rarefaction, thinning of the 
cortex and coarse trabeculation in the diploe. In the later stages 
vertical striations within the diploe presents a striking picture 
(Fig. 92). 
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Sutures.— There is great variability in the time and sequence of 
closure of the sutures; normally they are open until at least thirty- 
five. The posterior end of the sa^ttal suture begins to close at forty, 
and the coronal at fifty. Closure early in life (craniostenosis) gives 
rise to deformities in shape, depending upon the sutures involved. 
Three general forms are recognized: 



Fic. 04.— Ozycephal}. Th«cuttire ljn«s and tbe eroo^esof the btoodiesacia are 
obliterated. 


1. Turret head (one form of u Inch is oxjcephaly, Fig. 9-1) which 
is short, broad and abnormally high. The roentgen picture is strik- 
ing, for, in addition to the unusual shape w ith a projection at the 
bregma and bulging of the temporal regions, there is marked thin- 
ning of the vault with deep convolutional atroph.v which may pro- 
gress to perforation. Prominence of the eyes and blindness are 
early symptoms. 

2. Scaphoid head, which is abnormally long and narrow. 

3. Slanting head, showing marked astmimetry in any one of 
several planes. 

Abnormal separation of suture lines is an evidence of intracranial 
pressure. 
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Hydrocephalus. — In h\<lrocephaliis there is enlargement of the 
vault out of proportion to the base. The picture is one of chronic 
intracranial pressure, enlargement and great thinning of the vault 
of the shulI, with exaggeration of the convolutional depressions and 
often separation of the sutures. Fiattening of the sella is fairly 
common. In the form clue to lues there is less thinning of the 
skull and a strikingl\ short base. 



Fig 9S — Cndotheboma of tlie dura shomiig eiteniire bone inrolreznent. Note ibe 
increased vessel markings and the new bone formatioa. 


Ventriculograpiiy reteab marked dilatation of the ventricles 
with thinning of the cerebral cortex, which at times may be reduced 
to less than a (centimeter in thickness. 

Congenital defectives may show a fairly normal calvarium or 
one which is smaller than normal with an early closure of the 
suture lines. A striking feature in these children is the short and 
steep skull base (Fig. 93). 

Tumor. — A brain tumor is rarely directly x-isible. But localized 
erosion, irregular porosity of the ca!\-arium over the lesion, in- 
creased density due to new bone formation in the dura or calcifi- 
cation in the mass itself (which is rare) may help to localize the pro- 
cess. In a high percentage of the cases, all that appears on the film 
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is the evidence of increased intracranial pressure. The common 
hndings are; 

1. In the calvarium: Increased con\olutional markings, if the 
tumor is of slow development; enlargement of bloodvessel channels, 
if the tumor lies fairly close to the surface; and perhaps localized 
erosion of the bone; or new bone deposits with spicule formation. 



2. In the sella: The clinoid processes become pointed and later 
thinned; the opening is increased in width, and in the later stages 
there is thinning of the floor of the sella .and loss of the posterior 
clinoid processes. These changes are clue to indirect pressure. A 
considerable percentage of brain tumors will cause recognizable 
changes in the appearance of the sella. 

0 
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3. Cerebellopontile angle prowths may, by extension, cause 
erosion and foTTvarti bending of tbe posterior cUnoid processes. 

4. Displacement of the pineal gland may occur, depending upon 
the size and location of the tumor. Tins finding is of considerable 
\alue when there is sufficient calcification in the pineal gland to 
outline it distinctly on the film. 

5. Calcification mthin the tumor. 



Fio 97. — Supra selUr cj’st sboitmecharacterbiticcalciSeatton at -A, and lo«aof 
ouUine of ibr ««Ua at B. 


Intrasellar tumors cause spherical enlargement of the sella with 
thinning of walls and floor, and finally perforation of the floor. As 
the gTOt\-th extends into the sphenoidal sinus, a double outline 
appears, due to the remnant of the old floor and tlie profile-of the 
mass in the sinus. The anterior clinoids are short and blunt, and 
the dorsum sella is thinned and pushed backward. Xo other 
signs of intracranial pressure are seen until late in the disease. 
There may be an associated acrom^pily. 

Some suprasellar tumors, due to cranio-pharyngeal pouch rem- 
nants, show delicate spongy, calcified masses immediately above the 
sella, as nell as the signs of increased intracranial pressure. 
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Acoustic neuromas usually cause an enlargement of the porus 
acousticus on the affected side. This is best demonstrated on films 
in the anteroposterior plane with the occiput against the film and 
the incident ra> s passing obliquely from above so that the petrous 
portions of both mastoids are projected above the base. 

Encephalography will in some cases give evidence sufficiently 
definite to localize lesions otherwise umlemonstrable. Air is intro- 
duced into the spinal canal with the patient upright, and a series of 



tio. 9S '^Encephslogram in a nonDal tbild mowing L, Overlapping lateral 
lentmleB. T, temporal horn ot lateral ventricle; 3, third ventricle, 4, fourth ventricle; 
A, aqueduct of Sylvius. P, poos; C.P., eistema pontis. C.M., cistema magna. C.V, 
cistema ven® magns ceiehri 

films taken including lateral and anteroposterior %iews with the 
patient upright, prone and supine. Study of the series of films will 
show changes in outline of the A'entricles and evidence of obstruction 
in the channels connecting the various chambers, as well as oblitera- 
tion of surface sulci or shrinkage of the cerebrum. The surface 
markings of the cerebrum are of importance. If they are constantly 
absent over a definite area with a good filling otherwise, subdural 
adhesions may be suspected. 
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In cerebral atrophj , the siilci on the surface are Increased in m'ddi. 
Normal channels are not over 2 or 3 itim. wide. 

In some cases of local or general atrophy of the cerebrum, large 
lakes of air may be found l>et\\een the brain and skull. 

Subdural Hemorrhages.— Tumors in the temporal or cerebral lobes 
usually ghe characteristic evidence; displacement of the septum 
pellucidum and pineal away from the lesion and deformation of the 
lateral \ entricle on the same side. 


rjo. 99 — There ia a roosiderable area ol dlaScation id d tumor of the pineal 
eland The ventrielea haie been lapped, the fluid drawn off and nir allowed to 
replace it The outline ol the ttinior then becomes visible 


A wide experience is necessarj in the interpretation of encephalo- 
grams or ventriculograms, and most careful correlation witli the 
clinical e\'idence is essential. 

This is a highlx specialized field. 

Sella. — True lateral views, preferably stereoscopic, are essential 
for the proper obsert ation of the sella. It varies greatly in size, 
averaging 10 mm. in the anteroposterior diameter (with limits of 
from 5 to 15 mm.) and in depth 8 mm. (with limits of 4 to 12 mm.). 
In shape it is flat, oval or round, with the o\'al predominating. The 
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clinoid processes often overlap on the films, o^^ing either to failure 
to secure true lateral projections, or to the fact that they extend 
bejond each other. True brid^n;; is rare and of no siRniScance 
except as a possible cause of “pituitarj *’ headaches due to expan- 
sion of the jrJand nithin its ri^id shelL 



Fig 102 — Intra-ieDar tumor diowuc tbinniiig of clmoid proceses and floor of the 
«eUa There is no other eTjdeote of intiwraoisl pressure. 


As already noted, intrasellar tumors produce characteristic 
deformities in the outline of the space. In acromegalj associatetl 
changes are seen in the form of: (1) Enlargement of the sinuses; 
(2) elongation of the mandible; (3) general increase in the size of 
the entire skeleton, particularly the hands and feet; and (4) coarsen- 
ing of the texture of the spongj bone. 
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Calcification Within the SkuD.— Xormally about one-haJf of all 
individuals over twenty j ears of age show varying amounts of cal- 
cification in the pineal gland, appearing as small dense spots in the 
mesial j)lane; they lie about I 5 cm. above the mastoids when seen 
in lateral views. This finding is of no significance, except in cases 
of brain tumor or hemorrhage in which displacements of the gland 
of from 5 to 15 mm. out of the mesial plane have been observed, 



Fio 103 — Acromee^ly. Noie Ili« elonsalion of (he mandible, large sinuses and 
enlargement of the sella 


even when the tumor lay ia the aatecior or posterior poctlous of 
the brain. Absence of displacement of the pineal gland does not 
nde out brain tumor, as the lesion may be located below tlie ten- 
torium in the posterior fossa, or it may be so situated in the frontal 
lobes as to cause no disturbance of the pineal body. ^Mien the 
calcified mass is large and irregular, a tumor of the pineal gland 
may be present. 
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Fine mottletl areas of calcification, Ijing 1 or more cm. behind 
the pineal gland in the lateral vietr and about 2 cm. c.^ernal to it in 
the anteroposterior projections, are due to calcium deposits in the 
choroid plexus of tlie ventricles and should not be mistaken for 
tumor formation. L’sually the process is bilateral. 

Calcification in the midline in the anterior portion of tlie shull is 
sometimes found as a result of deposits in the falx. In rare cases 
a thin bony flake of var^i’ing sire extends inwartl from the inner 
table into the falx. Calcification within the walls of the arteries, 
forming Willis’ circle, is sometimes Aisible in the roentgenogram. 
.\neurA'sms of tliese ves'^ls, when calcified, appear ns portions of 
a circle overlapping the sella in lateral views, but external to it in 
postero-anterior projections. 

Calcification may dexclop in any of the meninges as a result of 
infection or tumor growth. Wien tuberculomas become calcUietl 
they produce a round or oxal shadow, more sharply defined and of 
greater density than that seen in tnmor>. 

Sinuses.— For a proper studj of the sinuses, anteroposterior, 
lateral, and vertical projections are necessar>’. If the films are 
made with the patient in the upright position, fluid lex'els will be 
demonstrated in the frontal sinuses and antra if they are present. 
The routine anteroposterior film shows the sire of the frontal smuses. 
These sinuses may be absent, but, as a rule, are present to some 
degree, and appear as lobular areas of diminkhexl density abox’C 
the orbits. Their density and the shar|>noss of the outline of their 
walls and septa should be carefully noted. Immediately below 
them on either side, betxx’een the septum and the inner xvall of the 
orbit, lie the ox'erlapped shadows of anterior and posterior ethmoKl 
cells, appearing as dark, roughly rectangular areas. They may 
extend upward over the roof of the orbit, betxveen it and the floor 
of the frontal sinus, as shown at E in Fig. 104, or they may extend 
downward into the upper portion of the antrum. There is consid- 
erable importance attachetl to these extensions by the smgeon, for 
xxhen infected they simulate fronbil sinus or antral disease. 

L.xing across iJie septum and the loner ethmoid cells, toward the 
midline, the rather square image of the sphenoidal sinus can be seen, 
xxhen it is of goo<l size. Below the orbits and outside tlie lateral 
walls of the nasal caxity, the roughly triangular antra are shown- 
The dense shadows of the petrous portions of the temporal bones 
cross the lower orhit and upper antrum horizontallx". 
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In addition to the outline of the sinuses themselves, there is 
present some evidence of the shape of the nasal septum, size of the 
turbinates, and relative depth of the floor of both the nose and the 
antra. 

A \nriation of this standaitl position, in which the incident ray 
is directetl downward from a point in the parietal repion, projects 



Fio. 104.— Yen' largo 8inu«c« AnntcnnicaHBnations Largo supraorbital ethmoid 
cells at E. 


these temporal Ikiiic masses below the antra and Is particularly 
useful ns a check upon the previous view. Similarly, another posi- 
tion of the tube below the occipital region will direct the incident 
ray along the floor of the skull, and project the upper portion of the 
sphenoidal sinus clear of the base, tlius permitting an estimate of its 
opacity and the condition of its membrane. 

A vertical projection of the base is sometimes employed for the 
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deraonstration of fractures in this re^on, and to estimate tlie e'^tent 
of the sphenoidal sinuses anteroposteriorly and laterally. For the 
latter purpose the most satisfactorj' image may be obtained by 
placing a large film in the motith, and focusing the tube above the 
vertex. 

The lateral film is particularlj valuable in checking the antero- 
posterior \ levr of the frontal sanuses. particularly with reference to 
determining their depth and the thickness of their walls. Teeth, 
pol.vps or foreign bodies in the antrum, may he well projected in 
this ^■iew 


il 



Fig lOd — Osieoma in tb» frontal sinus. 


The normal sinus, because of its air content and thin walls, 
appears on the roentgenogram as a more or less darkened area witli 
sharply defined edges. Any change in the amount of air contained 
within it, or in the thickn^s of its walls, will be recordetl as a change 
in density on tlie roentgenogram, and botli these factors must be 
considered in making a diagnosb. Tlib b particularly true of the 
frontal sinuses, where a d^jree of density which is normal for one 
indiWdual may be quite abnonnal for another whose spaces are 
larger, walls thinner, and whose sinuses should tlierefore appear 
darker. For the recognition of disease, it is essential to compare 
the two sides, and to ha%e a fairly definite mental picture of the 
appearance of the normal »nus. In the study of the frontal 
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sinuses, lK)th niiteropostcriorand lateral views must be studiwl and 
compare<l. 

A pcncral haziness w ith n slight increase in density in one or more 
sinu'ies uMially means thickoninR of the lining membrane. This 
finding may be confirmed in the ease of the frontal sinuses by the 
ailditional evidence of thickening of the septal markings, nhich, 
in disease, become hazy and surroutulerl by an indefinite zone of 
slightly incrcasctl density, in morketi contrast to the sharply out- 
lined normal septa. This general thickening may involve only one 
sinus, all of the sinuses on one side, or those of both sides. In 
the last condition, some difficulty may arise from the fact that 
comiwirison of r>pi)ositc sides is iinjiossJblc, and tlie roentgenol- 
ogist must rely upon his knowlwige of the normal. 

Granulations, pus or tumors produce a shadow of increaserl den- 
sity, nhich generally obliterates the sinus completely. Their shad- 
ows are Identical in every respect, so that it is impossible, as a rule, 
to ascertain the causal factor. When there is a fluid exudate in a 
sinus, it is often iwssible to make out a fluid level in the suspected 
cavity upon a roentgenogram obtninc<I with the patient upright. 
IIowcNcr, the absence of a fluid IcncI doe.s not rule out pus. Tumors 
of the 8inu«c3 generally show sonic evidence of their nature by 
erosion or in\ asion of die walls of adjacent bones. Very rarely a sinus 
or portion of the orbit will be occupied by a dense osteoma. Absence 
of frontal sinuses is fairly common, and must be difTerentlatcd 
from thickening which has obscnrcil the margins and obliterated 
the outline of a well-devclopc<l sinus. A lateral \iew will show- 
no e\idence of a sinus and no room for it at die base of the frontal. 
Careful inspection of the anteroposterior view should show the 
presence of bone structure in the suspected area. 

It must not be forgotten tliat o sinus may be found filled with 
mucous material at operation and jet cast a normal shadow on t(Te 
roentgenogram. In fact, mncoceles which have eroded the bone 
overlying them appear as areas of diminished density. This occurs 
most commonly in the frontal sinuses or ethmoid cells, which may 
be expanded into the orbit. Tlie surgeon may wash accumulated 
pus out of an antrum which was perfectly clear on a film made the 
day before. 

Polypi can sometimes be visualized in the frontal sinuses and antra 
as rounded areas of slightly Increased density. The entire sinus 
will usually appear somewhat hazy as a result of the thickened 
membrane. 
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A dense fusiform shadow may overlap the septum in a case of 
gumma of the septum. 

The patencj' and course of nasal ducts may be determined from 
roentgenograms made with opaque probes vi aiiti, and the course 
of the lacrimal ducts may be visualized by opaque solutions. 

Some surgeons feel that it is necessaiy to fill the antra with opaque 
solutions to demonstrate the thiekness of the lining membrane or the 
presence of poh’ps. In selected cases it is a useful proceihire. 



Fio 1 06. — Normal msstoKl nils. 


Mastoids.— ^Yell-developed mastoid cells liave been noted as 
early as tlie second year. Their development generally precedes 
that of the sinuses. Roentgenograms of both sides should always 
be obtained as a routine for purposes of comparison. Normally, the 
cells are bright and clear with sharply outlined walls. • The broad 
grooves of the lateral sinus can usually be traced across the mastoid, 
appearing as a streak of diminished deusity. In an acute mastoiditis, 
there is general Laziness of the affected cells and blurring of their 
margins, followed later by destruction of the cells and loss of their 
outlines, w hich are replaced by an indefinite area of increased den- 
sity. In chronic cases, there is more or less absence of cells and a 
variable degree of sclerosis. Occasionally the mastoid cells fail to 
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develop, and the findinp in these cases may resemble that seen in 
cJjronic mastoiditis, but this condition is usually bilateral, and the 
shadow of the lateral sinus li^ clo'>e to that of the auditory canal 
(Fig. 107). 



Tic 103.— Chrome tubwculous ina»to»d Not* tW w-ahoped Wons chfcrstwmlic 
ot the di-<ease. 

Petrositis.— For the demonstration of petrositis the routine mas- 
toid films should be made, and in addition one anteroposterior with 
the ra\ s so directed that tJie petrous portion of the temporal lione 
lies clear of the base. This is particularly valuable for details 
of the petrous tip and the internal auditory canal. Usually an 
obh'que anteroposterior \-iew with (he ra.i^ directed downward into 
the posterior fossa, so that the petrous portions overlap the lateral 
margins of the foramen magnum, should be included, and in some 
cases a ^eTtical projection of the base will give information not 
otherwise available. 

Ill petrositis the same changes occur which are seen in the mastoid, 
and at about the same time. If the bone is diploic a low-grade 
osteomi elitis de' elops, w ith areas of bone <Iestruction appearing on 
about the tentlr day of the infection, accompanied by periosteal 
reaction on the surface, best seen along the superior margin. ^Miere 
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there are air-cells present, the course is identical ith that in the 
mastoid, with the same T-ray evidence. Details in this area are 
more difficult to record but in general, in the early stages, there is 
a slight general hazy increase in density. Ijiter the apex of the 
pyramid becomes decalcified and as the infection progresses the 
trabeculiv become blurred, thinned and finally disappear. A chronic 
infection uill cause sclerosis of the surrounding bone, similar to 
that seen in the mastoid. 

Teeth.— The roentgenolc^ist shotild have a general knowledge of 
the development, anatomy and pathology of the teeth. An under- 
standing of the course of dentition is helpful not only in the inter- 
pretation of dental conditions in children and adults, but also in 
the determination of the ages of children. The following table from 
Thoma can be relie<l upon as a working basis: 



Cslcififslion 


Csirifirslion 



Teinpor»/y 

betiQS 


tompleie 

Eruption. 

Shed. 

Ceotrftl lociaor 



1) jeara 

6 to S months 

7 years 

Lateral incisor . 



>1 “ 

1 to 9 " 

8 " 

Cuspid 



2 « 

17 to 18 " 

12 " 

First molar 



20 montiis 

14 to 15 “ 

10 “ 

Second molar 



20 “ 

38 to 24 

n 

Permanset 
Central incisor 

1 jear 


lOjeira 

7 10 8}e^rs 


Lateral incisor 

1 “ 


10 “ 

7 to 8 “ 


Cuspid . 

3 jears 



12 “ 


First bicuspid 

t “ 



10 •• 


Second bicuspid 

.5 “ 



11 " 


First molar 

Before birth 

9t 

0 IG “ 

6 " 


Second molar 

S years 

17 t 

0 18 " 

13 " 


Third molar 

9 

181 

0 20 “ 

18 " 



The importance of good technic in dental roentgenology cannot 
be too strongly emphasized. It should include adequate exposures 
with the least possible amount of distortion, preferably from several 
angles. Ordinarily sixteen to twentj' intra-oral films will give an 
adequate survey of the mouth, but in some cases one or two large 
extra-oral films will be helpful as a cheek. 

Anomalies of development, irregularity of eruption, and misplaced 
and unerupted teeth are common, and the diagnosis is obvious. 
Impaction, particularly in the molar region, is often seen, and the 
presence of retained temporary teeth is readily recognized. 

In adult teeth the roentgen examination is of value in demon- 
strating fractures below' the gum le^el, and in determining the 
extent of carious processes, the position and extent of root canal 
fillings and the results of operati\e procedures. Pulp stones may 
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be revealed in the pulp ca\'ities. They are small, round, dense 
masses, frequently multiple, which form in the pulp cJiamher of 
one or more teeth. They ha\e been thought to be the cause of 
severe neuralgias, but, inasmuch as they are frequently seen u ithout 
sj mptoms, their signidcance is questionable. 

The most important pathological conditions with nhtch the 
roentgenologist has to deal are pj'orrbea and alveolar abscesses. 



F«o no — MutUple pus pockets t&tolviog the roots ot the lo'ncr molars and 
bicuspids 


Fyoirhea. — ^Pyorrhea in its early stages gives little roentgen e%'i- 
dence aside from a slight increase in the xtidth of the dark line 
about the tooth, which represents the peridental membrane. As the 
infection continues and the alveolar process becomes involved, the 
bone retracts from the neck, and Boally from the roots of the teeth 
which are then kept in place only by the fibrons tissue of tlie gums. 
As a general rule, when the retraction of the alveolar process involves 
o\ er half of the root, tlie tooth b doomed. 

Alveolar Abscess. — .\lveolar abscess in the acute stage, like osteo- 
myelitis, gives no roentgen e\idence of its presence. Verj- shortly, 
however, rarefaction appears about the root involved, and, at first, 
the resulting dark area merges into the structure of the surrounding 
cancellous bone. As the process becomes more chronic, a limiting 
wall appears about it, and the picture then becomes one of a definite 
dark sac attached u«ually about the apev of the root. This is the 
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Fio. III.—/. Pyofrt«* poctel about ti# iD««fobuce*J root of the left upper firet 
moUr i, ediSRCed Risg'a diieaw, vith absorptioo aod reccasion of tbe aiveolus, 
but without tlehoite p>orThe3 pocbeta;5, claroiue abseeasesat apices of palatal aod 
metiobuceal roots of the left upper first nitdar;^, oi<eorD>elitis analog from tbe roots 
of the left lo«er first molar; S, protiferaUte.inflammatory granuloma, with central 
nfteniog at the apex of the nght upper second bicuspid; 6. dentaliied left lower 

molar ihowing canes, root canal fiUiagssBdemaUapicalitTaDuloma;?. impacted right 

lower third molar, with pus poehet; 8. small pyorrhea pockets about both upper 
ceotra! Incisors, and traosterse fracture of the left upper incisor. 


10 
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familiar form of alveolar absc^. Ilistolopically most of tfjeni are 
found to be masses of granulation tissue containing a certain nuralwr 
of bacteria; less frequently there is a definite abscess cavity nith a 
lining membrane. Erosion of the tip of the root extending into this 
ca% ity is often seen. In long-standing cases, deposits of new bone 
laid don II about the apex of the root produce bulbous enlargements 
u hich may wholly or in part fill the old abscess cavity. 



Fiq. tl3.—>Impsned upper cs&jo»to«tl>lntic t«DuU) a biidcr. 

The treatment of such an abscess should depend ujion all the 
e%idenee, medical and dental, as well as radiological wldch can be 
obtained. Xot e\*ery tootli with an alveolar abscess should be 
extracted, but each case should be treated upon its individual 
merits. .Abscesses must not be confused with extensions of the 
antra downward, or pockets in the antra in the region of the upper 
bicuspids and molars, nor with tlie submental foramen whicli fre- 
quently overlies the apex of a lower biaispid. Films of the upper 
incisors occasionally show the shadow of the nostril overling a 
root which simulates an abscess. On the other liand, small abscesses 
arising from lateral margins of the root and overlapped by the image 
of the tooth may be o> erlooked entirely. 

Cysts.— Cjsts are fairly common in the jaw. There are two forms: 
root cyst and dentigerous cj'st. The former appears as a large 
rounded area of rarefaction in the jaw, usually attached to or 
partially enclosing one or more tootli roots and showing little or 
no e\idence of trabeculation. It may be multiple. Dentigerous 
cj sts have a similar appearance except that they dcA'clop from a 
buried tooth bud and generally contain teeth or portions of tliem. 
The bony structure of the jaws may be subject to any of the dis- 
eases which affect the rest of the dreleton. Osteomyelitis is fairly 
common and shows tlie same irregular destruction and proliferation 
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Fta. 1 13.— Simple o'*t of (be jav 



Fia. 114.— Adamantinonia 


US THE SKVLL 

seen elsewhere. A localized osteomyelitis in the anterior portion 
of the mandible ma\ e\tcnd into the inferior dental canal and drain 
through the foramen in the ascending ramus into the soft tissues of 
the cheek, producing an infiammatorj* mass in the region of the 
parotid gland. A particular sort of osteomyelitis occurs with 
phosphorus poisoning, tlie bone becomes increasetl in density* and 
thickness as a result of new bone production which is followed later 
by suppuration and necrosis represented by* irregular rarefaction. 
A lesion of the jaw has occurred in workers using radium paint. 
It b seen ns a widespread dry necrosis, without serjuestra. Syphilb 
occurs occasionally in the form of an irregular mottling of the bone 
due to extensive spotted rarefaction. 

Almost any benign or malignant tumor may occur in the jaw. 
Tlie most common forms arc cysts, pant-cell tumors, osteogenic 
sarcoma, carcinoma. Their appearance is identical with that of 
similar growths in other flat bones. In addition, the jaw is the scat 
of a tumor peculiar to it, the odontoma, which is a dense mass made 
up of various tooth tissues and may be attaclied to a tooUj or be com- 
posed of several teeth fused together. Sometimes they take the 
form of undefined masses of considerable density, which continue to 
grow, and develop into large deforming tumors. Adamantinomas 
are slowly growing masses which may or may not contain calcified 
material. They usually show* multiple irregular small cysts within 
their structure. They* expand the alveolar process carrying a 
thin bony shell ahead of them. The solid forms of the tumor are 
rare; they* usually occur in the upper jaw and require two to three 
years for their development. Tlie much more common, cystic form 
generally appears in the lower jaw and may take ten or fifteen years 
to develop. These tumors do not metastasize but they tend to 
develop local implants after operative removal. 

Salivary calculi must he mentioned in any Cf)nsideration of the 
teeth. They cast dense round or oval shadows seen in the position 
of the salivary glands or ducts. When projected upon the mandible 
in oblique views they must not be mistaken for areas of density in 
the l)one. Tlie outlines of the ducts and their branche.s in the 
salivary glands may be demonstrated by* filling them with Ilpiodol. 
This is a useful procedure where stones are suspected but are not 
demonstrated on routine films. 

The shadows of calcified cervical glands often appear in films 
taken of the teeth. They are spotted, mulberry-like sliadows, char- 
acteristic of calcified glands anywhere. The tip of an unusually long 
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styloid iiroc'c^s may be projected upon the upper molar region 
and be mistaken for a tooth root, or a supcrntimcrary tooth. 
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THE SPINE. 

From the roentgen-raj' viewpoint the spine consists of a senes 
of bodies of cancellous bone structure increasing in size from above 
downward, separated by transparent cartilaginous discs, and present- 
ing posteriorly a more or less confused and overlapping mass of 
pedicles, laminre, articular and spinous processes. An antero- 
posterior view shows the bodies arranged in a straight line, the 
intervertebral discs and the articulations seen well in some regions 
and poorly, or not at all in others, according to the angle of the 
incident raj's. The latninie and spinous processes overlap them, 
the latter following a more or less straight alignment uniformly 
spaced. 

In the lateral view the bodies follow a smooth smuous line. There 
is a forward curve in the lower cenica! spine, depending in shape 
upon the position of the head, a pronounced baclcward curve in tlie 
thoracic region (most marked usually in the upper LiU) a hich blends 
gradually into the forward projection of the lumbar spine and ends 
with the decide<l backward course of the l)ody of the sacrum and 
the anterior return of the lower sacra! and cocgv'geal segments. 

The arcs of these curves, like everj'thiDg else in the spine, are 
subject to great variation depending upon the tj'pe of individual, 
sev, weight, occupation and age, and no great emphasis should be 
placed upon them vrith the following exceptions: First, where 
there are abrupt changes from the norma! alignment limited to 
tw o or three bodies; such a condition occurs as a result of trauma, 
infection, arthritis or malignancy and should prompt most careful 
investigation of the affected area. Second, where the normal 
curve Is rev ersed ; e. g., in the lower cervical spine in cases of arthritis, 
where the convexity of the line of the bodies is backward. 

The angle between the lumbar and sacral spine b extremely vari- 
able. In childhood it is rather flat; in normal adults it averages 
120 degrees. A line drawn through the center of the disc between 
the last lumbar and first sacral bodies forms an angle of about 30 
degrees with the Ivsrizontal plane. Variations from this average 
are seen in both directions. 

(150) 
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Technic.— Tlie position of the tube with reference to the patient 
in spinal examination is of considerable importance. In dealing 
with a cur\-ed structure, a source of dh'crging rays and a fiat record- 
ing surface, it is necessary to emphasize the importance of alwajs 
ha\ ing the target of the tube as near as possible to the center of 
eur\ature of the arc under examination. It is impossible to secure 



Fio 117. — Lateral new of nonnal adult lumbi>.sarrBl reeion. 


accurate projections of more than one x'ertebra at a time uhen the 
source of the rays is relatit eJy close to the convex side of the curve, 
as is the case when tahing a well-rounded lumbar spine from the 
front. Theoretically, the best x-fews of the cervical and lumbar 
bodies should be secured w itli the tube behind the patient at a level 
corresponding as nearly as may be with the center of cuiwature of 
these regions. Practically this maj* be done with profit in thin 
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Individuals. In anteroposterior views, successive films of small 
areas taken ivith tke incident rays directed along radii of the arc 
should be the rule. Probably from neglect of this simple matter, 
more errors of interpretation have occurred at the lumbo-sacral 
junction than in any other portion of the skeleton. Fortunately 
lateral views of all parts of the column are now available and 
are a great help in checking the findings of the anteroposterior 
views. Here again the choice of sides and the level of the target 
should depend upon the amount of lateral curvature of the bodies 
as the patient lies upon the film, the effort being always to make 
the tlivergent rays pass clearly through as many intervertebral 
discs as possible. 

Development and Epiphyses.— The process of ossification begins in 
the second month of feta! life. Each vertebra presents at least 
fi\e centers of ossification, one for the body, two for the neural 
arch and two for the transverse processes. The center for the body 
may develop from two nuclei, one for each lateral half. Wedge- 
shaped and e.\-tra-half bodies are the result of asymmetrical growth of 
such multiple centers, or of the abscnceof one. Bodies of the verte- 
brte of infants often show partial vertical divisions due to incom- , 
plete fusion of multiple ossification centers; many children up to 
the time of puberty sliow, in the lateral view, thin horizontal zones ' 
of rarefaction extending backwani from the middle of the anterior 
margin of tlie body, due to remnants of the bloodvessels of early j 
fetal life. 

The centers for the neural arches fuse at the sixth to the eighteenth 
month after birth. Union begins at the tenth thoracic vertebra, 
and extends up and down the column from this level. The fifth 
lumbar vertebra and the s-acrum close at about two years. 

Small accessory centers appear later for the tubercles on the 
articular processes, and for the tips of the transverse and spinous 
processes. From the twelfth to the fifteenth year small plates appear 
at the corners of tlje bodies first seen in the lower thoracic region; 
they are united to the bodies by the twenty-fifth year, but in some 
individuals one or more maj’ perast into adult life. They have 
been mistaken for fractures. The fifth lumbar vertebra may have 
one center on each side from which is developed the pedicle, trans- 
\ erse and superior articular processes; and a second center for the 
lamina, inferior articular process, and lateral half of the spinous 
processes. 

Failure of union of these nuclei may gire five lines of cleavage' 
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first, through the spinous process; second and third, between spinous 
processes and articular processes on the two sides; and fourth and 
fifth, between articular processes and the body. Such breaks in 
the neural arch may last through adult life and many of them have 
been erroneously considered fractures. They are of great import- 
ance in connection with the production of spondylolbthesis. 



Fig JIS. — Extra half T^ebrs 


Bodies.— Inasmuch as they are composed almost entirely of can- 
cellous bone, vertebral bodies are involved in the same dbease 
processes as spongy bone elsewhere, and they react in the same way 
to trauma and disease. In children they are affected by the same 
diseases, and at tlie same ages, as the epiphyses of the long bones. 
In adults, the mechanism and healing of fractures and the tj'pe and 
course of malignancies are identical with those in all cancellous 
bones. 
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Tiic norninl body is smooth upon its lateral tnar^'ins. Its superior 
and inferior surfaces may l>c somewhat irrcpular and arc often con- 
cave. Where c\apcerate<l c»«n.*atHres are present, normal bodies 
assume a wedpe shaiK*. This is seen tn the thoracic repion where the 
anterior portions of several adjacent IkkIics may be considerably 
compresso<U nml the fifth iiimiKir l>ody is almost uniformly thicker 
anteriorly than posteriorly. 

In pcncral, individuals of heaw buUd have larpc, broad vertebral 
iKxlies, while persons of slipht habitus have narrow, liiph ones. 


I 



t'la. 110.— Showing fue pUnn Btons which failure of union may oceur (After 
WPlls ) 

Krosion of the bodies rt^sults from pressure c\ertcd by neiphborinp 
tumors. The most common example is the crescentic defects pro- 
diicetl in the thoracic or lumliar iMnlies by aneurisms of the aorta. 
The discs arc relatively resistant teliile the affeeted bcHlios are 
deeply scalloiicd. 

Discs.— The intervertebral discs being cartilaginous arc, of course, 
transparent, but the spaces occupied by them are easily demon- 
strable with proper technic. They may be absent in congenital 
anomalies, of which a common example is the fusion of the atlas and 
axis, or two or three adjacent bodies in any portion of the column. 
They may disappear as a result of infection, with bony union of the 
adjacent bodies; this is seen after tj-plioid lesions and in healed mild 
tuberculosis. The discs are thinned in old age, also as a result of 
chronic arthritis, and in early stages of infection in their vicinity. 
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Frequently the earliest evidence of a beginning tuberculosis is a 
narrowing of the adjoining intervertebral space. 

Thin plates of calcification are sometimes seen within discs but 
are without clinical significance. 



Ftc. 120 — Multiple anomalies. Long tireUtli Tib on the lelt side, fused second and 
third, lumbar > ertebr», sacnabzed sixth lumbar body. 

The discs are likely to be preser\'ed following trauma, and in luetic 
lesions of the spine. Increase in thickness is practically always a 
local compensatory reaction to an increased angulation between 
bodies. In the sacrum, portions of the intervertebral discs often 
persist throughout life. 
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The disc is composed of the o\al fluid nucleus pulposus in an 
elastic capsule surrounded by the complicated fiber pattern of the 
annulus fibrosus, n’hich is strongly attached to the borders of the 
adjacent vertebn^e. This center is elastic and acts as a coiled spring 
which tends to expand \\henever its confining structures are weak- 
ened. Wlien the disc is ruptured the nucleus may be dislocated in 
any direction. It will then produce a notch in one or both of the 
adjacent vertebne, or a localized expansion of the capsule may occur 
in any direction, forward, backward or sideways. When the ver- 
tebral body is generallx weakened, as in osteomalacia, the elastic 
nucleus produces a fusiform expansion of the disc, \s’it}i correspond- 
ing concavities on the vertebral bodies. 

Articulations.— The plane of the articulations in the cervical and 
thoracic regions is roughly transverse and, when seen in the lateral 
view, inclined forward at the top so that the articular processes 
overlap each other from above downward like shingles on a roof. 
In a well projected cervical spine most of the articulations are seen 
in the lateral x iew. For the demonstration of those between the 
base of the skull and the first and second cervical vertebra an 
anteroposterior e.xposure may be taken through the mouth with the 
tip of the upper incisors at the level of the base of the skull. In 
individuals with thin antral walls, excellent views of the articula- 
tions between the occiput, first and second cervical vertebra*, can 
be obtained by projecting the base of the skull across the tops of 
the antra in an anteroposterior view. 

A vertical projection of the base of the skull, with the patient’s 
head tilted well back against a film, and the incident ray coming 
in through the larynx, gives a good view of the body and transverse 
processes of the first cer>-ical vertebra and the relation of the body 
of the first to the odontoid process. This position is especially 
valuable in dislocations of the first upon the second. 

Owing to the confused shadows of ribs and scapulse, the joints in 
the thoracic region are often not well outlined. 

At. the. jwwcUow betweew tW tborwcwi awd first IwvaW 

vertebne, the articulations are rotated to a position nearly sagittal, 
and this is true tor the remainder of the lumbar spine. The articu- 
lations in the lumbar area are well shown by oblique views, with 
the patient turned halfw ay between the supine and lateral positions. 

There is the greatest variation at the lumbo-sacral junction. 
Both joints may be transverse, which gives the most stable back. 
Both may be sagittal, which throws a great strain upon the Ilga- 
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mentous structures; or one may be transverse and the other sagit- 
tal In the latter case the tnins\erse joint cannot, of course, be 
made out upon an anteroptsterior film; only the rounded and 
sometimes rather roughened outline of the articular process appears, 
and It has been mistaken for inflammatory' or hypertrophic change 
m the joint. 



Fjo. 121. Spina bifida Absence of spmons processes m tbs lower lumbar and sacral 
rasMXks. 

Spinous Processes. — All the spinous processes are evident in the 
anteroposterior view, and their alignment and spacing are of con- 
siderable importance. 

In the normal spine there are always slight deviations of the tips 
of these processes from an exactly straight line. Variations on the 
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part of indi\idual processes to the extent of 5 to 6 mm. from the 
midline are of no consequence and should be disregarded. 

Abrupt changes in vertical alignment at a given level, producing 
a definite angulation in a line through the processes abo\e and 
below it, or a break in the line so that the processes above are dis- 
placed laterally upon those below, usually' indicate a serious lesion 
of the bodies or articular processes, and further examinations should 
be made to check this finding. 

Abnormally wide intervals between neighboring processes are 
most often due to rupture of the interspinous ligament accompanying 
dislocation of bodies, and always call for a lateral survey of this 
area. 

Failure of union of the tn o halves of the spinous processes is fre- 
quently seen in the lower lumbar region, at times in the cervieo- 
dorsal, and more rarely in the dorso-lumbar areas. This condition 
may be mistaken for fracture. When it is marked, it leads to weak- 
ening of the neural arch and predisposes to ligamentous strains, 
particularly at the lumbosacral junction. Extreme examples are 
seen in spina bifida. 

Small separate ossification centers for the tips of the spinous 
processes may fail to unite with the vertebne. 

Transverse Processes.— The transverse processes of the cervical 
region are small except on the sixth and seventh vertebra. Those 
of the seventh may be large and long, simulating short cervical 
ribs. They are rarely of any importance clinically. Those in the 
lumbar region are long, variable in size, and may be fractured in 
severe injuries of this area. 

Small accessory' ribs are seen at times upon the first lumbar ver- 
tebra; these must not be mistaken for fractures of transverse 
processes. Ordinarily the smooth articular surface between the 
rib and pedicle will prevent errors of this sort 

Wide transverse processes on the fifth lumbar may impinge upon 
the top of the sacrum, or upon the wings of the ilia, causing sj'mp- 
toms by pressure, or by ligamentous strain due to the abnormal 
lev erage of the process. These large lateral masses may hav'e artic- 
ulations upon the opposing surfaces. 

The ilio-lumbar ligaments between the crests of the ilia and the 
transverse processes of the fifth lumbar vertebra may become 
calcified and cause local pain. 

Anomalies.— As has been indicated, the vertebral column is sub- 
ject to marked variation in development. The points where these 
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variations are most likely to be found are where transitions occur: 
cervico-dorsal, dorso-lumbar and lumbo-sacral junctions. 

In addition to the variations already discussed there may be 
striking abnormalities in the development of bodies and ribs, and 
when one anomaly is found there will usually be others present; 
e. g., failure of union of spinous processes and extra ribs, fusion of 
ribs, and extra bodies or portions of bodies. Perhaps the most 
frequent \ariation in bodies is the occurrence of an extra vertebra. 
Thb usually happens in the lumbar and saaal regions and is without 
clinical significance. 

Extra half bodies are seen at times, and if in the thoracic region 
they are accompanied by a corresponding extra rib on the same side. 
Such variations have been called fractures, and have brought com- 
pensation to their owners following industrial accidents. These 
anomalous bodies are of normal structure and smooth in outline, 
and should be readily differentiated from the changes due to trauma 
or infection (Fig. US). 

Small triangular accessorj* ossification centers occasionally persist 
on the margins of the bodies and at the tips of the inferior articular 
processes In the lumbar region. They are often mistaken for frac- 
tures, particularly in industrial accident cases ^here tlie patient 
has received in injurj.* in this area. One must remember that these 
separate centers are common while fractures are rare, .and that the 
adjacent edges of the bone are smootli and rounded and show a 
fairly gootl cortex when an anomaly b present, while the edges of a 
fracture are more ragged and usually without a cortex. 

The most important >'ariations are found at the lumbo-sacral 
junction; they are of great consequence because of the strain 
thrown upon this region in transmitting the weight of the body 
tothepelvb. Variations of some sortare foundhere in from 10 to 
20 per cent of all individuals. 

The usual findings are: 

1. Changes in lumbo-sacral angle, which may be very' ff^t or 
markedly increased. 

2. Extra lumbar or sacral bodies. 

3. Vfide lateral masses upon the last lumlxir vertebra which show 
all gradations from slight enlargement through those articulating 
with or impinging upon sacrum and ilium, to complete fusion of one 
side with the sacrum (partial sacralization). 

4. Rotation of the planes of the articular processes. 

5. Imperfect development of articular processes. 
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6. Breaks in the neural arch of the last lumbar vertebra (uni- 
lateral lesions of this are more common on the right side). 

Any of these may cause symptoms of varjing intensity according 
to their degree, and the size, occupation, muscular development and 
traumatic hazards of the indi\idual. People carrying such anom- 
alies are more liable than normal persons to increased disability 
from a given cause, because of the additional ligamentous strain 
nhich is present and the imperfect mechanical support afforded. 



rio. 122. — Sacralized traiuvers« process of the fifth lumbar tertebra upton the left 
aide, indicated by the arrow. 

Spondylolisthesis.— Spondylolisthesis, or fory^’ard displacement of 
the lower lumbar vertebrae, may develop as the result of extreme 
violence yvhich ruptures attachments and lifts the lumbar articular 
processes over those on tl)e sacrum, or fractures them. IMore com- 
monly it is seen as a result of breaks in the neural arch in the region 
of the articular processes which permit gradual fonvard displace- 
ment of the affected body. ^Yhe^e this condition has existed for 
any length of time one sees beveling of the superior margin of the 
sacrum and inferioredge of the fifth lumbar vertebra, usually accom- 
panied by hj-pertrophic changes. In the anteroposterior views the 
transverse processes of the fifth lumbar vertebra tend to overlap 




162 


THE SPIXE 


the top of the sacrum and the overhanging edge of the fifth body 
max be seen as a crescent across the upper sacrum. There usually 
IS a rather wide separation between the spinous processes of the 
last lumbar and first sacral s^ments. ^Miere there is a defect in 
the laminfv a definite break suggesting a fracture line with hj^per- 
trophic changes about it max be seen, or merely an indefinite inter- 



Fig. 123. Aaomalj of the neural srcli *>f the fifth lumbar rertebra which ahows 
multiple breaLs m continuitj’. 


niption at the outer extremity of the lamina which fails to blend 
smoothly into the pedicle. Films of the highest technical quality 
and lateral x-iews are essential. 

Tlie fourth lumbar xertebra is occasionally displaced forward 
upon the fifth in older indix’iduals, xvithout a break in the neural 
arch. This condition is due to erosion of the articular processes 
or to the presence of a congenitally long pedicle. 
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Soft Tissues.-— Acute injuries to the supportinp: soft tissues about 
tf»e >'ertebm; are not directly demonstrable. Their presence is 



Fiq. 124.— Comprcsiion fracture of the body of the first lumbar %ertebrB! lateral 
\iew. Very sbgbt dintcal evidenee of the lesion. 

assumed tvliere the normal relations of bony structures are dis- 
turbed. When lipramcntous lerions heal, hypertrophic spurs and 
bridges usually develop locally on the margins of the affected bones. 
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Fractures.— Fractures of vertebral bodies result from considerable 
Wolence, such as falls or heavj* crushing injuries, particularly in 
cases where the patient is strongly 6exed. The line of fracture 
is seldom definite, the diagnosis resting upon deformity in outline 
and alterations in cancellous structure. Callus rarely develops- 
There are two general tj'pes: First, compression fractures which 
may varj’ from a slight check in the anterior or lateral maigins of 
a bodj (similar to a greenstiek fracture in a child's long bone), to 
a complete collapse of a portion of a body. The milder forms of 
thi< injurx commonly show little objective evidence of the lesion 
aside from persistent local tenderness. A’-ray examination may 
be negative in the acute stages of such an injurj' while later films 
may show a partial collapse of the injured vertebral body. Second, 
comminuted fractures, the result of more severe trauma in which 
the vertebra is extensi\ely shattered either by direct %‘iolence or 
by the impaction of another body into it. This second form, as a 
rule, gives unmistakable clinical exidence of its presence; but cases 
have been repwrteil in which lesions of tliis tJ 7 >e have gone unrecog- 
nized for months or j ears until proper roentgen-ray studies revealed 
them. Acute fractures of this sort may be completely reduced by 
hj'perextension and practically normal outlines restored. 

Injuries most frequently occur at the dorso-lumbar level, next 
in the mid-dorsal region, and third, at the level of the fourth to the 
sixth cenical bodies. Fracture of the fifth lumbar ^•ertebra is 
extremely rare. 

The difierentiation between this condition and tlie destruction 
by an acute infectious process (often accompanied by the impaction 
of one body into another), may be a matter of some difficulty. In 
the majority of cas^ the traumatic lesions will show a substantial 
portion of the inter\‘eiiing disc still present, while in the infectious 
tj'pe the cartilage commonly disappears. Infectious processes of 
this extent are usually accompanied by the formation of periver- 
tebral abscess. 

Fractures of the neural arrh including the articular processes is a 
more disabling injury,on account of the Involvement of nerx’es and 
interference with motion. The direct demonstration of these breaks 
upon a film may be a matter of great difficulty, particularly In the 
thoradc region. Indirect eddence may be furnished by the pre^ence 
of callus formation. Unlike the bodies, these pwrtions of the spine 
readily form callus which becomes caldfied after the usual interval 
of a few weeks. Slight degrees of lateral rotation of one body 
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upon another, abrupt changes in the alignment of the spinous 
processes and varying degrees of dislocation may call attention to 
a fracture ^^hich itself might never be clearly visible. 

TransTCTH Fractures of these structures are usually 

multiple, several adjacent vertebras being affected. Single pro- 
cesses may be broken by local injuries such ns blon's from sharp 
implements. Usually a small amount of callus is to be expected, 
but fibrous union may develop. 

Care should be taken not to diagnose fractures from the black linos 
formed by muscle shadows €^rossing these processes. Such lines 
are smooth and straight and upon close inspection will be found to 
extend beyond the margins of the l)one. 



PiQ 125. — Fracture of the fifth cervical vertebra with forward dislocation of the 

Dislocations. — In cases of spinal injury it is essential to have 
films in two planes, at right angles and often oblique views as well. 
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Frequently, slight degrees of <?islocation of the cem’cal vertebrre, 
which are unrecognized upon anteroposterior films, are perfectly 
ob\-ious in the lateral view. 

Or the anteroposterior view may show only an increased distance 
between the spinous processes of the affected vertebrte. The lateral 
film, in addition to the interspinous separation, reveals the extent 
of injurj to the bodies and the amount of over-riding. As a rule, 
the upper bodies slip forward upon the lower. 

Displacement of the skull upon the first ccr\-ical vertebra is com- 
monly fatal, and these lesions are rarely seen b}’ tbe roentgenologist. 
The atlas may be rotated laterally upon both skull and axis in 
children without causing permanent disability, but the usual dia- 
location at this le\el is accompanied by fracture of the odontoid 
process. For the recognition of this condition, films through the 
w idelj opened mouth as w ell as accurate lateral views are necessary. 
In the normal individual, a true lateral \-iew >rill show the anterior 
margins of the bodies of the second and third cervical vertebiw 
Ij ing upon an appro-ximately straight line, and the odontoid process 
inclined somewhat backward. The posterior margin of the body of 
the second cervical ^c^teb^a continues smoothly without a break 
into the outline of the odontoid. The odontoid process arises from 
a separate center of ossification, which may fail to tmite with the 
body in some cases. 

Spondj'Iolisthesis is best recognized in lateral views. The mech- 
anism of its production has already been dheussed. It should not 
be forgotten that w here a unilateral displacement occurs the spinous 
process is shifteil toward tbe affected side, unless there has been a 
break in the lamina. 

“Sacro-iliac slips” have long been a subject of animated discus- 
sion Clinicians and surgeons tend to read more pathology into 
these joints than experienced roentgenologists are willing to admit. 
Slight variations in the width of the joint space and the alignment 
of the adjacent bone margins are so common in individuals wlio 
are sj-mptom-free that it is extremely difficult, if not impossible, 
to find any roentgen-ray confirmation of the common clinical diag- 
nosis of relaxation, strain or slip. Difference in the levels of tbe 
upper margins of the pubic bones at tlie s^Tnphysis, w hich lias been 
urged as an index of sacro-iUac rotation, has provetl to be of little 
value, 

disturbance occurs in the sacitMliac joints in adoleswnts of 
fifteen to seventeen \ ears, in which the joint margins become hazy, 
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with areas of increasai density. It is due to an alTcction of the 
epiphyst*3 wJiich are present at this time on the margins of the 
sacrum, and is similar to osteochondritis cl&etthere in the spine. 

Real dislocations of the sacro-Hiac joints do occur, but only as the 
result of falls from a great height, or from severe crushing injuries, 
and they are usually associateil with fractures elsewhere in the pelvic 
ring. 

The coccyx may be dislocated forward upon the sacrum by a fall 
or a blow. Lateral views are necessary to confirm the diagnosis. 

Scoliosis. — As a n'stilt of the failure of supporting structures or 
more rarely because of asymmetrical development of the ^ ertehne, 
latenil curvatures of various degrees arc seen. The slight ones are 
usually postural and no permanent change in the shape of the bodies 
is pre.sent. The severe forms are caused by anatomical variations 
in the \ ertehrm, or by paralyses; and they usually show one or more 
wedge-shaped \ertebral bo<lies. A survey of the entire spine in 
such cases « ill at times give a cine to the causative factor. 

INTECTIONS. 

Tuberculosis.— Tuberculosis is the common infection involving 
the spine. It most frequently bcfdns l>ctueen the ages of two 
and five years, Approximately GO per cent of the cases occur in the 
thoracic region, 20 per cent in the lumbar and sacral portions, 15 per 
cent at the dorso-lumbar junction and 5 jier cent in the cervical 
region. The picture is one of irregular destruction of one or more 
vertebral bodies folloMcrl by their collapse and the disappearance of 
the affected intervertebral discs; in a few rare cases the ilisc is not 
destroy cd. A fusiform shadow aliout the diseased area, usually best 
seen in the anteroposterior film, results from the development of a 
perivertebral abscess which may extend for a considerable distance 
up and <lown the column. If ilraiuage is not established such 
abscesses may persist for jears and gradually become Ctilcified as 
they heal. In the nciite stapes of tlie process in adults the lesions 
in the bodies may be invisible, but thinning of tlie intervertebral 
discs adjoining the infectetl body occurs early. This diiniinition 
in the inter\-ertebral space usually involves the entire disc uni- 
formly and calls for careful obseiwation of the suspected area. 

Well established eases may show one body impacted into another, 
or several bodies considerably eroded; and althougli the interver- 
tebral cartilages may be tlestro^’cd, the articular processes 
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preserve a certain amount of separation bet^veen the remnants of 
the bodies. 

Healing of the process may occur at any stage, with gradual res- 
toration of normal density and structure in the fragments of bone 
which remain unaffected, and the appearance of calcification in the 
tissues about them. The angulation of the spine persists. It is 
partly compensated for by thickening of the anterior portions of 
the intervertebral discs abo\e and below the lesion. 



Fig. 126. — Tubermlosis of Ibr thoiaHc cpioe in aa adult. 


Tuberculosis of the sacro-iliac joint b rare. tVhen it does occur 
it b usuall}’ part of a generalized process and is more often seen in 
adults than in children. 

It produces an increase in the width of the joint space and a 
ragged irregular mottled appearance throughout the joint. The 
adjacent bone may be increased in denaty. 
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Typhoid.— This lesion appears in tlie form of localized areas of 
rarefaction near the corners of vertebral bodies, with local thin- 
ning of the adjacent disc and the subsequent development of a heavy 
bony bridge about the focus and disc, resulting in complete oblit- 
eration of the cartilage ami fusion of the adjoining vertebra?. Dif- 
ferentiation of this condition, from congenital fusion depends upon 
the clinical history, and evidence of other anomalies in the spine. 



Fio. 127.— 'Lateral of the saioe patient as in Fig 120. 


Lues. — Lues seldom involves the spine. When it does occur it 
takes the form of extensive coarse proliferative lesions involving 
several bodies; there may also be some evidence of bone destruction. 
The discs are usually preserved. Irregular destructive lesions in 
the articular and spinous processes have been seen resembling those 
in tlie ends of long bones. Charcot joints may occur in the cervical 
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or lumbar region. The changes are those seen elsewhere in this 
disease, increase in the density of the affected bodies, and large, 
irregular bon\ masses in the soft tissues about tiiem. 



Fio 12S. — Tuberculosis of the spi&e febming calcification in a small psoas abscess 

Osteomyelitis.—lVhen osteomyelitis occurs in the spine, the proc- 
ess is similar to that seen in other bones of the same tv^pe, causing 
irregular rarefaction and new bone fonnation al>out the diseased 
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ntva. Tlic vliiiicnl picture auU in the tiincuusis as tlie pniccs^ is 
more acute in pvojrcnic infections than in iho'^* previously mcri- 
tioncti, nmi the nui'tltutional reaction is more wvere. Chronic 
Ic-ions sucli as tho'c of nctinoinxciixU or hlasttunycosis prwiuce 
irregular areas ilrstrticliuii, uMially in vfvem! l)o»Iic3 wliich, how* 



FlO. 129 — Tul«'irulnwi of lh<» npiae *l>owjna liulf iclo Ily #(tpr ec\erU >rar< 
of trealDient. Note the aharp e<!irea of the thrro Uxluja chiefly in\oI%c(l. Accaa 
of Bctlvity MlU prnvnt in the Uxiy beneath them nt A. 


ever, tlo not collapse. Chronic iicrivcrtcl»ral ab'<ccsscs accompany 
these lesions and the responsiWe oi^anism may \>c isttlatcil in tJie 
discharge from tlicir sinu^cs. 

Arthritis.— The common clmiige due to arthritis in the spine Is 
the development of h.vpcrtrttphic fringes on the margins of the 
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bodies. These may l)e no more than slight sharpening of the 
edges of the vertebrjp or. in old cases. Urge hooks which practically 
enclose the mter%'ertebral space. This condition is more common 
in muscular, heavy individuals, and may be due to chronic infeo 
tion, or long-continued strain, or Imth. Localised hj'pertrophic 
changes involving onl\ one or two vertebne are usually the result 
of an injury. Similar changes occtir about the articulations but 



Fig. 130. — Tjpboid spine. FUni taken two idodUis Bft«r the onsst o( psln in tbe 
bsek and throe months sfter the beeuiniDic of the illness. It shows uurowine of the 
mtervertebml space and areas of bone ilestrurtion in the posterior part of the bodies. 
Film BIX months later showed fusion of the anterior raarguis of the bodies and clean- 
eut outlines posteriorly. 


are not particularly evident in onlinarj.' cases. These smaller 
changes, particularly those about nerve canals and articulations, 
are a coramon cause of chtottic. back pain, and are probably of con- 
siderably greater importance to the patient than the larger fringes 
upron the bodies. 

The lower lumbar nerves pass out beliind the intervertebral 
discs, the posterior and lateral surfaces of the vertebral liodies and 
in front of the articular pnx-esses. Tliis course renders the nen'cs 
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vulnerable to irritation or infection either in the discs or the articu- 
lations. With the disappearance of a disc from any cause, there is 
necessarily some o\’er-riding of the articular facets, which reduces 



Fio. 131. — II>pertn>^ie ctianses oa lumbar 'xertebnc. 


the diameter of the nerve channel. 7'his is particularly true of the 
lumbo-saeral joint. 

It must not be forgotten that such changes in the lower cervical 
I’ertehm* are a frequent cau^ of symptoim in the arms. 
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In persons over sixty years of age, nho have Iiad long-standing 
arthritis, the backward curve of the upper thoracic spine may be 
greatly increased due to gradual compression of the anterior por- 
tions of these bodies. A number of adjoining bodies are inv’olved, 
and their structure shows a considerable degree of rarefaction. 
These points are important in the differentiation of this condition 
from compression fracture which does not affect multiple bodies 
uniformly. 



Fig. 132.— .\nkylosiDg type of flirtlintb. Note the complete fusion of the vertebrje 
end disappeeraare of the sacro-ilisc joints 

Any tj^pe of infection may de''elop in the articulations of the 
spine and usuallj’ there is vciy little evidence upon the dim by which 
to identify the invader. The picture b that of localized destruction 
of the articular surfaces, tbiniung of joint spaces and, in the healing 
stage, various degrees, of new bone fonnation. 

The^rarie^trumpeltj’pe b a severe and disabling form of arthritis 
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sometimes seen in younpindixitlunls.intthich there is a disappear- 
ance of the articulations throughout the spine with subsequent 
complete ankylosis. Similar changes in the hips and shoulders 
may accompany the sj)inal lesions. It usually begins in the sacro- 
iliac joints and moves progressively upward. The articulations 
arc first affecteil and later Imiiy spurs appear about the interver- 
tebral spaces. After several years the spine is completely ankylosed. 
The upper cervical vertcbni' are usually spare<l. 

TDMORS. 

Any tumor developing in cancellous bone may be found in the 
spine. Primary tumors arc rare, metastatic lesions fairly common. 

.\ngioma causes a coarsening of the structure of the affected bodv , 
the trabcculre are widely sp.aced and the vertical ones are increased 
in size and density. The bodies are not enlarged. Usually the 
process is limited to one body, but several adjacent bofliesmay be 
affected. The disease is more common in older Individuals. 

(Jiant-ccII tumors show their characteristic traheculation. They 
are prone to extend into the processes, and e\ en to involve adjacent 
bodies. 

Any form of primary osteogenic tumor may attack the vertebne. 
The appearance varies from complete localizwl destruction of the 
affect^ hone by the rapidly developing growth in the slow ly grow- 
ing fibrous tjpe which is indistinguishable from metastatic car- 
cinoma. The early lesions arc apt to involve one margin, or one 
side, of a l)o<ly which is progressively destroyed. The body 
does not collapse unless the growth is unusually soft, the tumor 
mass carrying the load — in some cases — for a period of years. 

Alalignant Ivmphoma, when it Involv'es the vertebra?, causes a 
haziness in outline and a mottled appearance which is not charac- 
teristic, or there may be extensive destruction with collapse of a 
body. In some cases there is direct extension of the process from 
adjacent Ij-mpli nodes. 

The common forms of carcinoma produce a mottled rarefaction 
which is quite definite, but extensive involvement of several bodies 
may be present without recognizable evidence of the disease on 
good films. Other parts of the skeleton are usually affected and 
the primary lesion may be discox-erable. As a rule several bodies 
are involved. 
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Certain slowly growing cardnomata, most of them metastatic 
from the prostate, breast or thyroid, give a striking picture owing 
to the marked bony reaction they evoke. The spine, ribs and 
pelvis are greatly increased in density', and somewhat mottled. 
Cases of this type may live for many years. 



Fig. 133. — An^oma of b thoracic Tertebra. 


Myeloma produces rarefied lesions with multiple trabeculations 
running through them somewhat resembling giant-cell tumors. 
More than one vertebra isusually involved and there are associated 
lesions in other bones, notably ribs, sternum and skull. Single 
lesions may occur (Fig. 134). The tumors are soft, and gradual 
compression of the affected boilies is to be expected. Radiation 
sometimes gives marked relief of pain. 

Ilypemepbroma may occur as a single destructive lesion and be 
confused with a primary tumor. It has no distinguishing char- 
acterbtics. 
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Osteochondiitis, — Calve has described a condition in which ver- 
tebral bodies in children showed marked flattening and irregularly 
increased density resembling the changes seen in the tarsal scaphoid, 
the head of the femur and other cancellous areas. The process 
pursues a chronic course n ith spontaneous healing. The adjoining 
discs are thickened rather than thinned. 



FlO. 134.— Tumor of secoud lomlnT vert«br» djasooccd benign giant-cell tumor 
and treated vitb irradiation in 1935- Patieot vaa operated upon December IS, 1930; 
Bpecimcn removed at tbis time -waa diagnoMd mjcloma There was no other bone 

In certain dwarfs with irregular and delayed development of the 
epiphyses of the long bones, the vertebral bodies have showed the 
same erratic growth as the epiphj'ses, resulting in marked deformi- 
ties of outline and structure. 

Kummel and Verneuil have described a gradual softening of 
vertebral bodies following trauma. Vcrtebne showing no immedi- 
ate evidence of injurj' have slowly lost their density and undergone 
a gradually progressive collapse. 

12 






rio. 135. — Raj^r e>owu>8 roetaatalie tarcinoina. 


Backward projection of an intervertebral disc into the neural 
canal has been found in some cases as a cause of persistent paiu and 
disability. The lumbar region is a common site, and the symptoms 
may suggest either sacroiliac strain or cord tumor. The lesion is 
best demonstrated by fluoroscopic observation of tlie opaque oil as 
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it flows over the suspected area and by the taking of “aimed” films 
in the j)osition which most clearly shows the deformitj’. 



Fio. 139 —EUborg and DyLo's chart of the normal locaaurameuta between pediclea 
at the various levels of the aplae. Extreme upper limits, solid lines, usual upper 
limits broken lines. Measurements greater than these suggest the possibility of 
spinal cord tumor end call for a careful neurologicol examination, particularly if 
they are associated with compression of the pedicles. 

Memeflbroma may extend out along one or more nerve roots, 
erode or separate the surrounding pedicles or ribs and develop a 
large rounded mass within the chest or abdomen. 
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CHAPTER VII. 


JOINTS, TENDONS AND BURSiE. 

THE JOINTS. 

Trauma.— Injuries to joints may be accompanied by soft tissue 
swelling, separation of ligamentous attachments, dislocations or 
fractures. If important ligaments have been torn abnormal mobil- 
ity may be present. 

Loosening or separation of the lateral ligaments of the knee may 
be demonstrated by two antero-posterior films, one made with 
inward pressure on the lower end of the femur combined with a 
lateral pull on the ankle, so that the internal lateral ligament is 
put under tension, and a second film made with outward pressure 
on the lower end of the femur and an inward pull on the ankle, to 
test the external lateral ligament. 

Similarlj separation of the crucial ligaments may he looked for in 
lateral views made with the tibia pressed fon\ard anil backward 
upon the femur. 

Wlien a tendinous insertion is pulled loose a small (lake of bone 
is usually detached with it and in the process of repair a bony 
spur maj- form at the site of the separation, or a fibrous union occur 
w ith a small rounded osteophyte remaining as evidence of the injury. 

Arthritis. — There is as yet no really satisfactory classification of 
joint diseases. It must be insisted that no hard-and-fast adherence 
to the general tJ7)es describetl below b possible. Atv^iical joints 
and those w hich fall under more than one heading are often obser\’ed. 
In the study of a pathological joint, the following features should 
be carefully noted: (1) Periarticular swelling in the soft parts, (2) 
effusion in the joint, (3) erosion of cartilage as evidenced by dim- 
inution of the joint space, (4) changes in density of the bone, (o) 
outgrowths of new bone formation, (0) the joints involved and 
(7) age and sex of the patient. 

Hypertrophic arthritis is the most common form. It occurs in 
individuals over forty years of age, more often men of a sthenic 
tiTie, and is slowly progressive. It is caused bj' mechanical strain, 
interference w ith the circulation of the joint, infections or intoxi- 
cations. A localize*! form frequently develops about the margins 

(ISl) 
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of \ertebne which ha\e been injured. Its characteristic feature is 
the pre^ence of spurs, or lipping, on the margins of articular surfaces 
and Aertebral bodies. Tliese outgrowths are dense with sharp 
edges, and in some cases cause fixation of a joint by interlocLing 
or fusion. There is no effusion in the joint unless it has been recently 
injuTe<l. There is usually no narrowing of the joint space and no 
decalcification of adjacent bone. It may attack any joint, usually 
the larger ones, and is tery conunon in the spine. These jomt 
changes may exist for a considerable length of time without gi\^ng 
definite sj-mptoms. but they are apparently points of lowered resist- 
ance for, after injurj , the\ maj be the seat of acute painful reactions 
which are entirclj out of proportion to the injurj* and would not 
ha\e occurred in a normal joint. Tim condition is continually 
being encountered in industrial accident work. (See Fig. 131.) 

Atrophic Arlhntis.— .\tropbic arthritis is more common in women 
between the ages of twenty and fifty. It l>egin3 with periarticular 
swelling followed b\ gradual loss of articular cartilage, shown by 
narrow ing of the joint space, and b accompanied by severe atrophj' 
of the soft parts, and decalcification of bone. There is no tendencj* 
to new lx)ne or spur formation. The hands and feet are usually 
affected first, and later, the kmees. elbows and shoulders may be 
invohed. The process e.xtends over a period of years, ending 
tj-picall> in complete ankj losis. 

Gout.— Gout b less common but. like the first t>-pe, occurs after 
fortj , more frequently in men than in women. In a tj^pical case it 
presents periarticular swelling and characteristic punchetl-out areas 
in the bones at the margins of the articular surfaces. These holes 
are sharply cut and var>- from one to sexTral millimeters in diameter, 
in severe cases causing complete destruction of an articular end 
of a bone. There is little effusion in the joint, erosion of the car- 
tilages occurs only in the late severe cases, and there is no decaldfi- 
cation. Usually slight hj’pertrophic spurs are present. It ordinarily 
occurs in the phalangeal joints of the hands and feet, but may affect 
the carpus or tarsus, and in rare cases a large joint, such as the knee. 
In the early stages l>efore the punched-out areas become evident 
it may be mbtaken for a hj'pertrophic arthritis. If is, of course, 
accompanied by other clinical evidence of the disease. 

Charcot Joints.— Charcot joints are due to trophic disturbances, 
usually associated with tabes dorsalis or svTingomyelia. ^\'hen of 
tabetic origin, the weight-1>earing joints are affected while in 
syringomyelia the upper extremities are more commonly involved. 
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There is great swcihng of tlie soft parts, tlestniction of articular 
surfaces amounting to complete disoitjanization, and large irregular 
masses of calcifictl material are seen scatterctl throughout the relaxed 
joint capsule. TJie hone is more Kkely to be increased in density 
than rarefiwl. Conditions which may be confused with it are: 
(1) Ix)osc bodies in j'oints, in which case the calcified masses are 
small, dense and few in number, and the j'oint surfaces are not 



Fio. 137. — Gout. 

disturber! e.xcept tJjat the point of origin of a fragment may be 
e\'ident in a chipped-off area on the articular surface; or (2) calci- 
fied heinatomata, in which the calcification is much more extensive 
and the joint surfaces are intact. 

Infectious Arthritis.— Infectious arthritis attacks any joint at any 
age. Its forms are extremely varied owing to the different causative 
agents. Any organism which orculates in the blood stream may 
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be responsible for it. The most common tj-pes are ogenic, gon- 
orrheal, tuberculous and sj’philitic. 

Pyogenic arthritis is usually due to staphylococcus, streptococcus 
or pneumococcus infection. The acute forms attack one or many 
joints ^\hich show soft tissue swelling and effusion in the sj'no\ial 
ca\4ty. The process may then subside with disappearance of these 
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signs. In the chronic form decaldfication of the articular ends of the 
bones occurs and there is early erosion of cartilage with narrowing 
of the joint space. In addition to thedestruction of cartilage, a char- 
acteristic finding is slight irregularitj' in the outline of the articular 
surfaces of the adjacent bones, and the presence of multiple small 
areas of rarefaction close to the joint surface. Later, as repair 
begins, hjTiertrophic changes may make their appearance at the 
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margins of tlie articular surfaces, or the cartilage may be entirely 
flcstroyec! and ankylosis reault uhen healing is complete. 

Gonorrheal arthritis is usually monarticular but it may be indis- 
tinguishable roentgenologieally from other infections. There are 
two findings which are suggestive of Neisserian origin. One is a 



Fio. 130. — Infectious orthriti*. Note tbe loss of articular cartilage at points 
Indicated by tbe arrona and about aJl of the carpal bones CharactertstJc area of 
erostoR at A, General rarefaction of the eatpua and articular ends of the long bones. 

localized destruction of the cartilage on the under surface of the 
patella, which sinks in toward the condoles of the femur. Sub- 
sequently htTiertrophic changes appear on its margins and on the 
adjacent areas of the femur. Tlie second is the occurrence of 
small localized areas of rarefartion in the hone at the junction of 
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articular surfaces and cortex (Fig. 141). Another result of this 
infection is the de\ elopment of new bone deposits along tendinous 
attachments. These spurs may be the result of the actinty of other 
organisms, but the great majority are gonorrheal. 

Tuberculosis.— Tuberculosis is more common in children and young 
adults but may occur in the aged. It is usually monarticular and 
rarely involves more than two joints. It causes slight enlargement 
of the soft parts, effusion in the capsule, and general haziness and 



muddiness of the entire joint area. There is extreme decalcification 
so that the outlines of the bones may be reduced to a thin pencilled 
white line. Enlargement and squaring of the epiphyses are seen, 
and later more or le^ destruction of joint surfaces and interference 
with the growth of the bone. The limits of the diseased area tend 
to produce a scalloped pattern, due to the confluence of individual 
foci of destruction. There is no new bone formation. Occasionally 
small foci occur in or close to the epiphyses, appearing as localized 
areas of decreased density, w ith little or no evidence of joint involve- 
ment. A form of tuWrcuIosis, rare in the United States, is that in 
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which the destructive lesions are associated w ith a market! periosteal 
proliferation indistinguishable roentgenologically from that seen in 
sj’philis. The occurrence of periostea! proliferation in the vicinity 
of these joints is generally the result of secondary infection. During 
the process of repair there is increase in density, due to deposit of 
lime salts. A point of difference between tuberculous and pyogenic 
infections in adults lies in the fact that pyogenic processes attack 
and destroy articular cartilage very early, and particularly at 
points of eight-bearing or pressure. In tuberculosis the joint 



Fio. 14 t.—Conorrheol •rtbrfJw. anteroiioalenoT view. 


space is preserved until late in the disease, because of the tendencj’ 
of the infection to spread inward from the margins of the joint and 
to spare the contacting cartilages (Figs. 31 and 32). Eventually 
the joint may be entirely destroyed. Bon.v ankj'Iosis in adults is 
rare. In old age the disease may be mistaken for septic or hj-per- 
tropliic arthritis. 

Caries sicca is a rare form of the disease Seen most commonly in 
the shoulders, in adults. It causes a raggetl erosion of the articular 
surfaces, no soft tissue bwefling, no effusion and no decalcification 
(Fig. 35). 



18S JOINTS, TENDONS AND BURS£ 

Syphilis.— Sj-philis occurs at any age. It causes increased density 
in the soft tbsues and the occurrence of a slight periostitis at the 
junction of the periosteum and s\*no\Tal membrane, occasionally 
destruction of articular surfaces, particularly tho«e of the small 
bones such as the carpus and the tarsus, and local lesions in the 
epiphyses suggesting tuberculous foci. In some cases, as the result 



Fio. 142 —Tuberculosis of the wrist in an adult. Marked haiiness of the entire 
carpus. Joint spaces fajrJy rrril preserted. Xo periosteal reaction. 

of chronic inflammation in the sjtiovial membrane, low, rounded, 
h\-pertrophic ridges will appear at the margins of the articular 
surfaces. 

Still’s Disease.— Still's disease is a form of infectious arthritis in 
children, beginning before tbe sixth tear. Tliere is slowly progre=r 
sit e enlargement of multiple joints, lymph gUnib and spleen. The 
affected joints show great enlarganent, without evidence of effusion 




OSTEOQUOKDRITIS DISSECANS 


189 


or suppuration. The hones are extremely rarefied and show finely 
pencilled outlines. 

Villous Arthritis. — Villous arthritis consists of a thickening in the 
soft parts due to overgrowth of ^'novial fringes. It may be 
seen in lateral xiews of the knee, wliere the posterior portion of 
the capsule is occupietl by a mass of sUglitly greater density than 
normal, with a stringy, fan-shapc<l shadow radiating anteriorly 
hetw cen the condyles of the femur and the tibia. 

Hemophilia. — ^YIlcn tlie joints arc iii\olved in this disease the 
signs are those of chronic joint irritation suggesting tuberculosis. 



Fio 143.— llemopLilis «itli blood-KJot in the capsule of theelbois-joint. 

There is rarefaction amounting even to pencilling of the outlines, 
effusion into the joint, and moderate enlaigcment and squaring of the 
epiphyses. At times erosion of the articular ends of the bones may 
occur, or calcification of the blood-clot within the joint. In late 
cases the joint is completely disorganized and onkylosed. 

_ Osteochondritis Dissecans.— This con^lition represents the partial 
or complete separation of a crescentic area of hone from the articular 
surface of a joint, usually the knee or hip. The inferior margin of 
the internal eond\le of the femur, adjacent to the spine of the tibia 
is the common site (Fig. 144). Later on, the fragment may become 
detached and appear as a loose body in the joint. Loose fragments 
of semilunar cartilages may behaw in the same manner. If they 




Fig. 145.— Multiple caldfied bodies in tbe inee-ioiDt foateocbondronistosii). 
(190) 
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carry a small bit of subarticular bone with them or become calcified, 
they are clearly visible. As long as tbej* remain purely cartilapnoiis 
they cannot be seen. The injection of orygen gas into the joint 
followctl by the taking of films may clear up the diagnosis. 

Osteochondromatosis.— Harely as a result of a low-grade tumor 
formation from the synovial membrane, multiple small cartilaginous 
and bony masses develop wtUiin the joint capsule and become free 
loose bodies, giving a characteristic roentgen picture. (I'ig. 145.) 

TCKDOKS AND BURSA;. 

EiTusion or hemorrhage in or about these tissues is shown by an 
area of slightly increased density with indefinite margins. Syno- 
of a tendon sheath may occasionally be suspected from thick- 
ening of the shadow and blurring of its ordinarily sharp outlines. 



Fio. 14C,— Locati’oa of the larger burew about the ihoulder-ioint »hieh may bo 
calcified. A, SuUeltoid. D, aubacrominai, C, coraeo-brachial 

xV particular form of this condition known as de Qucr\ain’s disease 
affects the tendon of the extensor longus pollicis where it lies against 
the styloid process of the radius. Tlie underlying bone may show 
a slight periosteal reaction. 

Calcification is frequently encountered at tendinous attachments 
particularly those of the triceps on the olecranon, the quadriceps and 
patellar tendons on the patella, and the Achilles and plantar tendons 
on the 03 calcis. 

Areas of increased denaty seen in tlie region of the subdeltoid 
bursa may be true calcifications in the biu-sa, accumulations of an 
opaque gelatinous substance iu the bursa, or, w hat is more common, 
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calcification about the tendon of the supraspinatiis muscle beneath 
it. Calcification may occur in any bursa which has been the seat 
of trauma or infection causing a mottled, granular, dense shadow 
\%hich ma\ bedistinguishe<l from true bone by the fact that trabecu- 



about the knee, onittiig the femur and tibia. 


lation is absent. Large crescentic deposits in the su!)acroinial 
btnsa must be differentiated from the os acromiale— a persistence 
into adult life of the ossification center for the tip of the acromion. 
\crtical projections of the joint will be helpful in distingui'hing 
between them. 
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Myositis Ossificans.— A rare disease in which ossification occurs 
in the soft tissues. There are two forms, one following trauma 
and the other congenital, of unknown etiology, with a slowly pro- 
gressive course. In Loth tj-pes there is hemorrhage into the soft 
parts and a more or less complete ossification instead of the normal 
absorption. The first form is prone to occur about joints after 
dislocations, and in muscles subject to trauma such as the quadri- 
ceps. The second form practically always has deformities of the 
fingers and toes associated with it. The terminal phalanges, par- 
ticularly those of the thumbs and great toes, are short and small, 
and one or more metacarpals or metatarsals may be greatly reduced 
in size. The disease is to be dillcrentiated from calcification extend- 
ing into the soft tissues as a result of periosteal injury and tumors 
which arise from the bone. In the traumatic form, the calcified 
mass lies free from the bone and the cortex beneath it is smooth. 
The sheets of calcification are laid down parallel with the shaft. 
In the second t^pe the lesions are multiple and extensive due to a 
progressive ossification of entire muscle groups. 

Calcinosis, a deposit of calcium in masses scattered through the 
subcutaneous tissues, is seen as a rare condition, sometimes associ- 
ated with scleroderma. One form of the disease occurring In 
children is known as calcinosis juvenilis. 
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CHAPTER VIII. 


THE CHEST. 

The shadow of the chest may be <Iivkfetl into: (1) the thoradc 
wall, (2) the superimpose*! sternum, heart, preat vessels, mediasti- 
num and spine, (3) the diaplirapm, and (4) the lunp fields. 

Pathological proces^s in the thoracic wall may consist of injuries 
to the ribs, tumors or infections A waw erosion of the intercostal 
grooAes on the ribs occurs in coarct.ation of the aorta. The ribs 
may be thickened ^hen they oscrlie a chronic empyema without a 
true obteomx elitis being present. There may l>e an emphysema of 
the soft tissues. Tvhich. as a rule, is associate*! with fracture of the 
ribs or surgical interference. In this case, the film is most striking, 
showing the presence of dark areas rei>resenting air scattered through 
the muscles and subcutaneous tissue. 

The central shadov* includes: (1) the great ^csscls, the heart and 
pericardium, (2) the th>inus gland, when present; (3) the thjToid 
if intrathoracic. and (4) tumors arising from the me*!lastinum. 

ITie normal thj roid and thymus are not visible in a film of the 
chest. A -jubsternal tliNToid or an enlarged th\ mus appears as a *lila- 
tation of the upper end of the central sha*lotv. .•\n enlarge*! thjmus 
produces a shadow winch is roughly quadrangular. It has rounded 
lower <x)mers and shar]> margins, which e.vtentl downward from 
above the claricles an*! overlap the shadow of the heart anti great 
vessels. It is less dense than other tumors. Compression or dis- 
placement of the trachea or esophagus may be seen in the an- 
teroposterior or lateral views. Not everj’ shadow in the superior 
mediastinum of an infant represents an enlarge*! thtmus. One must 
be particularly careful in making this diagnosis from films taken in 
eTi)iration, when the diaphragm is high, the heart shadow rather 
large and the superior ^ena cam distended. Minor degrees of 
enlargement of the thj-mus cannot be *lemonstrated and they are 
of no clinical importance. 

The thjToid, w hen intrathora*nc, prtxiuces a tlense, round, sharply 
dcfinetl shadow, wliieh extends downwani and erlaps the shadow 
of the great vessels. It may be differentiated from thjTuus and 
other mediastinal tumors by the fact that it moves with deglutition. 

(194) 
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ICnlarptMiifnt of the merfwaftHn/ shadow may be <lue toonlarRcti 
nuHliasti'nal planiis, tumor, nncurj'sm, vertebral abscess or dilata- 
tion of the esophagus. 

I-'nlnrRenicnt of the planch is pencrally due to tuberculosis, Hodp- 
kin's di'ease, or metastasis from malignant tumors cIse^s!lere in 
the body. Their outline Is sbar)* and irregular, or lobulated, and 
the process, ns a rule, is bilateral. They do not pulsate, although 



Fio. 14S —Enlarged tliymiu gland. Note that thoahndow is moro or laaa rectangular 
and o^erllc9 that of (he upper boriler of the heart and great tesseN. 


large masses may transmit the impulse of the heart or aorta. They 
are to be difi'erentiated from aneujj’snis and primary tumors of 
tbe mediastinum. By means of a careful fluoroscopic examination 
it is sometimes possible to separate their shadow from that of the 
aorta, or to demonstrate a normal aorta. The presence or absence 
of pulsation, as observed in the fluoroscopic examination, is of little 
diagnostic value, as some aneurysms do not pulsate and mediastinal 
tumors may appear to do so. Aneurj'sms are more common in the 
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ascending aorta to the right of the mid-shadow. They rarely 
extend upward beneath the clawle, and are usually single lesions. 
Masses due to enlarged glands are more likely to appear near the 
lung roots. As a rule, they are bilateral, and often extend upward 
beneath the sternum. 

The enlarged glands of tuberculous ongin generally appear during 
early childhood. The\ rarely form large masses during adult life. 
l^Tien the peritracheal glands are involved, the picture may resemble 



Fia. 149 Xymphotna of the Mar glaode An extension from the cervical region. 


that of Hodgkin's disease. Tuljcrculous glands are smaller and 
more dense and are usually partially calcified except in the early 
stages of their dexelopment. 

Benign Tumors.— The most common benign tumor of the superior 
mediastinum is a substemal extension of an adenoma of the thyroid 
gland. Unless it is t eiy lai^e it rises to some extent ith swallowing. 
Its position, rounded outline, and the fact that it compresses and 
displaces the trachea should identify it (Fig. 150). 
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Other benign tumors are Hpomata, teratomata and cysts. They 
are usually round. They di^lace rather than invade adjacent 
organs and they may show a definite capsule. Repeated examina- 
tions will demonstrate that they are stationary in size or of very 
slow growth. 

Mention should also be made of neurofibroma, an hour-glass 
tumor arising in the meninges of the spinal cord, which grows out 
along the neire roots, separating the ribs or eroding the surrounding 
bone, ending in a rounded mass within the chest. On the antero- 
posterior films these masses may appear to arise from the medi- 
astinum. 



Fia. 150. — Substfrnal thyroid. The outline of the trachea haa been dotted in. 

Dermoids are usually found anteriorly in the mediastinum, 
neurofibromata always lie posterioriy. 

A dilated esophagus, a large di\-erticulum or a hiatus hernia of 
the stomach may overlap the right lung field and be difficult to 
identify without the barium meal. 

Malignant Tumors.— Malignant tumors of the mediastinum pro- 
duce fusiform or lobular masses, which cause an e.xpansion of the 
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central shadow and may largely obscure the outlines of the great 
\ essels nn<! the base of the heart. A common tumor is b-mphoma, 
\\hich may he primary in this region or part of a generalized disease. 
It is more often seen in ^oung adults, but may appear at any age. 
It is accompanied generally by tlie enlargement of glands elsewhere 
in the body. The shadows of the peritracheal glands appear as 
lobiilatcd masses on both sides of the raid-shadow above the outline 
of the heart. These shadows extend upw ard beneath the cla\'icles. 
Occasionally there is infiltration of the surrounding lung, which 
appears on the film or screen as narrow, dense, radiating lines, or 
there may he a general enlargement of the lymphoid structures 
throughout the entire chest. 

The enlarged glands due to lymphoma disappear rapidly under 
roentgen radiation, therefore, a favorable therapeutic result may 
he a guide to correct diagnosis. 

Carcinoma is usually a metastatic lesion in the Ine^liastimIm. 
Masses due to it are not as large as those seen in lymphoma. A 
characteristic feature is their tendency to invade the surrounding 
structures early in their course. Their margins tend to he hazy 
and indefinite and if the lung is involvc<l atelectasis may complicate 
the picture b.v producing a large area of increased density beyond 
the actual tumor. 

Fibrosarcoma is a rare tumor of slow growth, usually located in 
the posterior mediastinum. It cannot be differentiated from a 
benign lesion. 

The differentiation of any of these tumors from aneurysms is 
often extremely difficult. Their position may or may not be that 
of aneurysm. It is usually impossible to separate their shadow 
from that of the aorta. The presence or absence of pulsation is of 
little value as an aid to diagnosis. 

THE HEART AIO) GREAT VESSELS. 

In the examination of the heart, the following data should be 
obtained: (1) the size; (2) the shape; (3) tlie movements with respi- 
ration; (4) the pulsations of the various chambers; and (5) the 
change of shape which may occur with a change in the position of 
the patient. The size and shape of tbe aorta in both its antero- 
posterior and its lateral diameters should also be noted. 

This data may be obtained by means of orthodiagraphy, or by a 
combination of teleoroentgenography and fluoroscopy. 



as la fte. 151, taken at 2 instead of C feet. Note Uie distort! 
e( the lailarged left -rcntncle. 


Flo. 153 —Same ease 
( 202 ) 
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placement of the tube either to the right or to the left of the median 
line does not appreciably distort the heart shadow, but a slight 
rotation of the patient does produce a definite distortion. 

If the patient is stout, it is better to have the film in contact with 
the chest wall, and the patient standing erect. If the film is placed 
at right angles to the central rays, its upper portion may be some 
distance from the chest wall, and, as absolutely parallel rays are 
not employed, a slight amount of magnification of the aorta will 
result. On the other hand, if the patient is allowed to lean for- 
ward in order to bring the chest entirely in contact with the film, 
there will be a certain amount of apparent sagging of the contents 
of the chest. 

The patient should be instructed to remain quiet. It is not 
necessary for him to hold his breatli, nor is it desirable to have him 
take a deep breath. The amount of movement of the heart shadow 
during normal respiration is slight, but deep inspiration causes 
definite changes in both the shape and the size. 

The exposure time will vary according to the tj^e of apparatus, 
but should not be more than one-twentieth of a second. For prac- 
tical ptuposes it probably makes little difference what phase of the 
heart cycle is recorded. For accurate comparison or measurements, 
films should be obtained in the same cardiac and respiratory cycles. 

After the films are developed and dried, the measxtrements of the 
heart are taken from them according to the plan adopted by Groedel. 
This plan includes six points, three points each on the right and 
left sides of the heart shadow. On the right side, the highest point 
is at the junction of the heart shadoAv with that of the great vessels, 
the second point is at the point of the heart shadow farthest to the 
right, and the lowest point is at the Junction of the heart shadow 
vdth that of the diaphragm. On the left side, the highest point 
is at the junction of the shadow of the left auricle with that of the 
left ventricle, the second point is at tlie point of the heart shadow 
farthest to the left, and the lowest point is at the heart apex. A 
line is draw n along the center of the spinal column and used as a 
median line. 

The transverse diameter of the supra-cardlac shadow’ is measured 
at the widest point above tlie pulmonary artery. 

The greatest distance both to the right and to the left of the 
median line is obtained. TTiese measurements represent the trans- 
verse diameter of the heart shadow. A line drawn from the highest 
point on the right to the heart apex represents the total length 



204 


THE CBEST 


of the heart, and lines drawn at right angles to it— one from the 
highest point on the left, the other from the lowest point on the 
right— represent the diameter of the base. 

Measurements of the heart and the internal diameter of the 
chest combined nnth the fluoroscopic observations constitute the 
data from which conclusions are drawn. In order to interpret these 



_ Fig 156 — TeleoroenteeDoersm of tbe nnmAr heart and great \esscls On the 
right. I is (he ascending aorta, and // (be right auricle On the left. Ill is tbe aortie 
arch; JV. the pulmonary artery. F, the left auricle, and Tl, the left ventricle. 

findings correctly, it is essential that the roentgenologist have a 
thorough knowledge of the anatomy of the heart and great \essels, 
and of the normal roentgenographic shadow. 

Normal Heart. — Xormally, the central shadow approximates the 
outline in Fig. 150. At the top, on tbe left side, the arch of the aorta 
appears with the descending aorta extending downward from it. 
Below the arch is the dight prominence of the ijulmonaiy artery 
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followed by the left auricle or auricular appendage in the angle 
between the pulmonary arterj* and the ventricle. The rounded mass 
of the left ventricle comprises the largest part of the shadow. The 
location of the apex is a matter of considerable uncertainty, as it 
varies with the size, shape and position of the heart, and the posi- 
tion of the diaphragm. It is bidden frequently behind the shadow 
of the <!iaphragm. The right border begins at the top with the 
poorly defined shadow of the superior vena cava above and over- 
lapping the ascending aorta, which is usually well defined as it 
cur\’es outward and do\\nward to meet the rounded right auricle. 
The latter joins the right diaphragm at an acute angle, at the 
apex of ^hich the inferior vena cava is sometimes seen. The right 
ventricle is not visible in the anteroposterior view, as its shadow 
is superimposc<l upon that of the left \entricle and auricles. 

The left oblique position is of great value in a study of the arcli 
of the aorta and in estimating the size of the right ventricle. A 
line is drawn across the base of the heart shadow from the notch 
between the right ventricles and the aorta to the notch bebveen the 
left auricle and left ventricle; this is the base line. The point 
midway between the overlapping portions of the aorta and pul- 
monary artery is located and a line is drann from it, perpendicular 
to the base line, to the lower border of the heart shadow. This 
line passes along the interventricular septum. Lines perpendicular 
to it are then drawn to the left and right borders; from these the 
width of the left and right ventricles is obtained. Since this posi- 
tion gives an imoljstructed view of the ascending and transverse 
portions of the aorta, it is possible to measure with a considerable 
degree of accuracy the diameters of the aorta at the various levels 
(Fig. 157). 

An ingenious method of obtaining a plastic representation of the 
heart was suggested by Falmieri, by means of which successi\’e 
heart profiles obtained during rotation of the patient about a vertical 
axis could be reproduced on wax models. 

The shadow of the heart is subject: (1) to all the laws that govern 
the size and shape of the shadow of any other object; (2) to the 
variations due to changes in the position of the heart within the 
thoracic ca^ity; and (3) to those conditions which actually change 
the size and shape of both the normal and the pathological heart. 
For this reason, a comparison of the measurements of the shadow 
of any given heart with those made from the organ itself is often 
misleading and of no value- Comparison should be made only with 
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the shado'jTS of normal hearts obtained under similar conditions, and 
the actual size of the heart should not be stated. It should be 
borne in mind that the measurements obtained do not represent 
the actual size of the heart— only that of the shadow produced. 



Fig 157. — Tho eccond or left oUiqiie new (suggested by WsTren) showing tie 
sscendioE knd tiansTtrse sorts with the points from w hich the measurements are 
taten. The outlines of the aorta and pulmonary artery hate been touched. 


The following are some of the non-pathological conditions which 
may change the size or shape of the heart silhouette: 

1. The age of the patient is an important factor. In youth the 
heart tends to hang vertically in the thorax. In old age the long 
axis moves toward the horizontal. Consequently, in youth the 
shadow is more nearly round, and in old age it becomes elliptical. 

2. WTien the diaphragm is hi^ the apex is raised, and, to some 
extent, the entire heart. The shadow is increased principally in 
its transverse diameter. 
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3. The height, weight and sex of the patient, and the size and 
shape of the thorax also influence the size and shape of the heart. 

4. Rest in bed for a few weeks may reduce the transverse diameter 
5 to 10 mm. 

Violent exercise may cause a transient decrease in all the diameters 
of the heart. 

Heart Measurements. — The following table worked out by Claytor 
and Merrill gives a fairly good guide as to the measurements of the 
normal heart. 



T]0. 15S.— Tracing abowing (be 8h3p« oi the nonsa} beert and great vessels, and the 
points from which measureroeois are obtained (Groedel ) 


ilales (37 cases). 


120-129 

130-139 

140-149 

150-159 

100-179 

lSO-200 


Cues. 


9 

8 

6 

6 


>lr. ML 

3 0 7 0 

3.7 7 2 

4.3 7 S 

9 5 7 5 

3 8 8 0 

4.2 8 5 

3.4 7 0 

4.0 7.7 

4 6 8 4 

3 2 7.8 

3.9 8.4 

4.5 9.0 

3.7 8.0 

4.0 8.2 

4.8 9 0 

3.8 7.0 


4.5 9.7 


T.D. 
10 7 

10 9 

11 3 

n 0 

11 8 

12 5 

11.0 
11.9 

13.1 

11. S 

12.3 

13.0 

12.0 
12 4 
13.8 
II.O 
12 9 

13.4 


L. D. 

11 8 Minimum 

12 6 At erase 

13 5 Maximum 

12 0 Minimum 

13.2 Aterage 

14 0 Maximum 

12 0 Minimum 

13 4 Average 

14.5 Maximum 

12.5 Minimum 

13 5 Average 

15 0 Maximum 

14.0 Minimum 

14.6 Aterage 

IS 8 Maximum 

14.0 Minimum 

14.7 Average 

15 3 Maximum 
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of both the clinical and the physical data. A\Tien all of the evidence 
is correlated the roentgen hndings frequently* help to either establish 
or confirm the diagnosis. 

There is no other method of examination whereby such accurate 
data can be obtained regarding the size and shape of the heart and 
great vessels, and the changes nbich take place nith respiration 
and change of position. Valuable information may also be obtained 
regarding the effect of treatment on the size and shape of the heart, 
and the progress of disease. 

Chan/jea in Size . — The size of the heart shadow is increased, as 
a rule, in luetic, rheumatic and hy’pertensive heart disease. It is 
decreased generally in the neni’ous or irritable heart, in the cachexia 
of chronic disease, in visceroptosis and in emphysema. In viscer- 
optosis and emphysema the change may be more apparent than 
real, owing to the low position of the diaphragm. In arterioscle- 
rotic heart disease there may or may not be a true enlargement, 
although the heart shadow, as a rule, is increased in size. The 
sagging of the heart which accompanies this condition tends to 
increase its transverse diameter. 

Changes in Position.— As the heart is supported to some extent 
by the diaphragm, its position changes with change in position of 
the diaphragm. The heart is high when the diaphragm is high, 
and low when the diaphragm is low. IVith extreme elevation of the 
diaphragm on one side, the heart is displaced to the opposite side. 
With fluid free in the pleural space, or new growth in the lung, 
there is a similar displacement unless the heart is fixed by adhesions. 

In all conditions causing extensi\e destruction, and in fibrosis of 
one lung, partial or complete occlusion of the bronchi, and collapse 
of one or more lobes, the displacement of the heart is to the affected 
side. 

In the unilateral emphysema caused by foreign bodies and in 
pneumothorax, the displacement when present is away from the 
side involved. 

The shadow of the heart may appear to be in an abnormal posi- 
ticpw there detottaily the thwatie waU. 

In pneumonia and other forms of consolidation, the position of 
the heart is generally normal. 

Changes in Shape.— Tlie shape of the heart varies with the tone 
of its musculature. A well rounded apex and an increased curva- 
ture on the left border are due to hypertrophy and an increased 
tone. In myocardial weakness the outline becomes more triangular, 
14 
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the borders, particularly tlie left, are straight rather than rounded, 
and the separate chambers are less distinct. 

Enlarpement of the heart, whether local or general, is accom- 
panied by changes in shape, some of which are quite characteristic, 
such as the triangular heart of mitral disease, or the L-shaped heart 
of aortic regurgitation. 

Changes in The outline of the normal heart is distinct, 

and its chambers are shaiply defined. In the hj’pertrophic and 
^^gorous heart, this distinctness is increased. With loss of muscu- 
lar tone, and in disease of either the pericardium or the mediastinum, 
its distinctness is diminished. 

As the %isihility’ of the heart depends upon its density being 
greater than that of the att-fiUed lung surrounding it, any process 
in the lung which increases Its density tends to obscure tlie outline 
of the heart. 

Pufaaftoji.— The fiuoroscopicobservation furnishes direct evidence 
in regard to the character of the heart muscle. Vigorous pulsation 
usually signifies good muscle tone, while uTok, shallow pulsations 
are seen t\ith loss of tone. 

It is possible to di^ttinguish the pulsation of the auricles from 
that of ventricles, and to obtain a fair idea of the strength and 
amplitude of the beat. In slow, strongly pulsating hearts these 
obsen'atioDS can lie made easily. Witli tachycardia they are diffi- 
cult. It is possible, generally, to detect an irregularity of the beat, 
and a comparison of tbe pulsation of the ventricles with that of 
the auricles, or with the pulse at the wrist, can be made. In this 
way heart-block may be diagnosed, and irregularities of the ven- 
tricular beat which do not reach the wrist may be discovered. 

Following a coronary occlurioo, absence of pulsation may be 
obscr\'ed over the affected area, if it can be brought into jirofile. 

In auricular fibrillation and extreme dilatation of the auricles, 
xdsible pulsation over the auricles is absent. With adhesive peri- 
carditis, or fluid in the pericardium, the beat becomes diffuse, and 
it is impossible to distinguish that of the auricles from that of the 
ventricles. VHien file amount of fluid is large the beat may he 
absent. 

Calcification Within the Heart.— Old infarcts may become calcified, 
producing a shadoiv which closely resembles a calcified pericardium. 
In some eases calcification in the heart ^•ah es has b«n observed 
fluoroscopically and calcified coronary arteries have been demon- 
strated on films made at very high speed, using a grid diaphragm. 
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Differential Diagnosis.— WTiile in the great majority of cases it is 
not possible to arrive at a differential diagnosis from a study of the 
roentgen findings alone, some pathological conditions present evi- 
dence which is fairly characteristic and which may be of con- 
siderable importance in the final summing up of the case. 



Fio. l&O.— Hypertension. Hypertrophy of the left ventricle shown by the 
rounded apes. Failing myocardium indicated by the triangular outline and begin- 
ning congestion in the lungs. 


For this reason it seems advisable to present briefly the roentgen 
findings in some of the cardiac lesions which are of common occur- 
rence, or in which the roentgen findings may be of the most valuc- 
Congenital Heart Disease. — The roentgen examination may be the 
only means of establishing a diagnosis in developmental anomalies 
of the heart. Since these lesions are frequently multiple, an e.xact 
anatomic localization of llic lesion is not always possible. 
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With a patent ductus arteriosus the aorta is small, -n-ith a marked 
prominence of the pulmonarj arterj* below it. The heart shadow 
is enlarged across its ba^. pTing it the so-called "mitrar’ shape. 
The cur% e of the left auricle can be distinguished from that of the 
pulmonary artery* botli bx its position and by its pulsation time. 



The shadow of the pulmonary arteiy- may present a somewhat sim- 
ilar appearance in aortic stenosis, but the changes in the heart 
shadow which accompany this condition are quite different. The 
enlargement is downward and to the left, giving it the aortic instead 
of the mitral shape- 

Defects of the septum may cause no change in the form of the 
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heart shadow or an increase in the transverse diameter associated 
with a Reneral rounding of the outline may be present. With a 
defect in the auricular septum the aortic shadow is small or absent 
and the pulmonary conus and arteries are enlarged. Groedel has 
noted “peculiar ventricular movements" of the right border of the 
heart when the defect is in the inten'entricular septum. 



F(0. 162. — Mitral dbcasc. Mote the shape of the heart and the small short aortic 


Transposition of Heart and Vesseb.— In this condition the roentgen 
appearance depends upon the tlegrce of transposition present. This 
varies from the shifting of the position of a single vessel to a com- 
plete reversal of all the thoracic organs. Complete situs intersus is 
easily overlooked on routine films unless careful attention is pai<I 
to identifying marks. On the fluoroscopic screen the condition is 
obvious. When the transpoation is limited to the aorta tJie roent- 
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gen examination ma^ be of considerable importance as these patients 
often complain of clifficuhv in swallo^ving and a lesion in the esoph- 
agus may have been suspected. The usual aortic knob is absent 
but ma% be seen on the right side. The usual bulge of the ascending 
aorta is also absent and when a swallow of barium is given it will 
be seen to pass to the left instead of to the right of the aorta. 



fro 163. — Myocardial tailurc. JJote ibe tnaDgiilAT stiape of the heart and the 
con^ealioD in the lungs 


Rheumatic Heart Disease and Lesions ol Infections Origin.— If the 
disease is at all advanced the shadow ol the heart ■will be increased 
in some of its diameters, and its shape will varj' from that of the 
normal. As this condition generally' involves one or more of the 
heart vahes, most often the mitral, the characteristic findings are 
a general enlaigement of the heart shadow with marked promi- 
nence of the chamber corresponding to the diseased vahe. 
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A\Tien the lesion is confined to the mitral valve, and both stenosis 
and regurgitation are present, the findings are: (1) the shadows of 
the auricles are prominent; (2) the measurement is increased to the 
right and upward; and (3) the shape of the heart shadow is more 
nearly round. If stenosis predominates, there is a marked promi- 
nence of the shadow in the region of the left auricle and pulmonary 



Fic. 164 — DisessM aortic valve, Hyiiertrophy of the left ventricle, arteriosclerosis 


artert’, with only a slight increase in the size of the other chambers, 
and the shape is more triangular. If regurgitation is the pretlom- 
mating symptom, the enlaigement to the right is more marked. 
In either case the shadow of the aorta becomes relatively unimpor- 
tant and in marked cases almost tiisappears. The right oblique 
\'iew is especially valuable in demonstrating the left auricle. 

AMth involvement of the aortic ralvc, the picture may resemble 
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\ erj' closel% that of sj'pbilitic heart disease. However, the absence 
of Ganges in the shadon- of the aorta Is a valuable diagnostic point 
in f3^ or of a non-sj-philitic origin. 

In ad% anced cases with broken compensation, the shadow of the 
heart is enlarged to a marked degree in all diameters, but the 
shadow of the auricles stDl predominates and there is mottled 
density extending outward from the lung roots due to congestion. 
A characteristic fibrosis may develop about the lung roots following 
long-continued passi\e congestion. 

Syphilitic Heart Disease. — \Mien syphilis attacks the heart, the 
lesion is usually found near tlie aortic valve. It may affect the 
toot of the aorta, the mouths of the coronary arteries and the 
aortic cusps, and sometimes all three are Involved. The findings 
vary somewhat according to the area inxolved and the extent of 
the lesion. 

Prominence of the aortic shadow to the right, with actual increase 
in its diameter at the root b a most constant finding. With 
involvement of the coronaries, there is a slight increase in the size 
of the heart. The outline of the chambers become less distinct, 
and vdsible pulsation b diminished. When tJte aortic xTilves become 
incompetent as a result of the disease, there is an increase In the 
size of the shadow of the left ventride. The outline of the left 
border becomes more convex, and the ape.x appears blunted. 

In typical cases the supracardiac dulness b increased, the increase 
being most marked to the right. Tlte heart lies more horizontal 
in the chest, and its shadow b increased to the left, giving it the 
so-called " sabot” shape. As the disease progresses and the cham- 
bers become dilated, the findings are not so characferbtic. 

The roentgen eridence of syphilitic heart dbease differs from 
both that of arteriosclerotic heart disease and that of hypertensive 
heart disease largely in the appearance of the aorta and the position 
of the heart. 

Arteriosclerotic Heart Disease.— Id arteriosclerotic heart disease, 
the heart shadow may show no variation from the normal either 
in size or in shape. There b usually an increase to the left, and 
a prominence of the curve of the left xentricle. 

ViTien the coronary arteries are inxolved the outline of the 
various chambers may be indistinct, and the beat flabby* or irregular. 

Calcification in the coronary arteries has been demonstrate*! by 
extremely fast exposures, using a Lysholm grid. Tlieir shadows 
must be differentiated from calcification in the heart %-nlves, costal 
cartilages or hilar glands. 
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The most constant finding is elongation of the aorta. Its shadow 
is increased to the left in the region of the arch. The knob becomes 
extremely prominent. There is also some increase to the right, 
although the actual diameter is not increased. Occasionallj", dense, 
calcified plaques can be made out. \\Tien these cases are compli- 
cated by high blood-pressure, or broken compensation, the findings 
are most difficult to interpret. 

Cardiac Aneurysm.— Most of the aneurysms of the left ventricle 
occur above the apex or on the posterior wall. Unless they are seen 
exactly in profile they may not be recognized. When verj' large 
the}’ usually e.vtend be\otwl the right border of the heart in the 
anteroposterior view. Anetnysms of the left auricle almost always 
project bejond the right bonier of the heart. Old infarcts in the 
heart muscle, if they become calcified, may be mistaken for calci- 
fication In the pericardium. 

Hypertensive Heart Disease.— The enlargement of the heart 
shadow is almost wholly in the region of the left ventricle. The 
increase is downward and to the left, as in aortic regurgitation, but 
the downward increase is more marked and the apex is not so 
blunt. The pulse-boat becomes prominent, and there is generally 
a diffuse enlargement of the shadow of the great vessels. 

Auricular ribriUatioa.— In auricular fibrillation, there is an extreme 
enlargement of the shadow of the auricles with absence of visible 
pulsation in them. In certain cases the heart shadow appears to 
rock. 

Heart-block.— In this condition, if the pulsation is not too rapid, 
it is possible to compare the auricular and \entricular beats, and 
to determine their respective rates. 

Mjrxedema Heart.— In iny.\edema the heart is enlarged in all 
diameters, and roughly triangular in outline. After appropriate 
treatment with thyroul substance the outline is reduced in size. 

Ayerza's Disease.— Ayerza’s disease is a condition in which a 
graduallj’ increasing cyanosis develops as a result of changes in the 
pulmonary vessels. Films show a prominence of the pulmonary 
artery and masses of dilatetl bloodvessels about both lung roots 
which may show active pulsation. The right heart is enlarged and 
the transverse diameter is increased. 

Pericardial Efiusion.— With fluid in the pericardium, the heart 
shadow tends to become triangular in sliape, the apex of the triangle 
being in tlie region of the great vessels. 

When the patient is in the prone position there is an increase in 
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the width of the triangle at the apeic. With the patient in the 
upright position there is an increase at the base, and the shadow 
often assximes a water-bottle shape- 
The cardio-hepatic angle rarely is obliterated, although it may 
seem to be so upon percussion. *1116 left border of the heart shadow 
loses its normal curve, appearing as a straight line, and the point 
of contact of the auricle and wntricle cannot be made out. 


Tla 1C5 — rericardial effusion (patient in the upright position), Xote the *'» 
bottle” shape of the heart chadov. 


Pulsation is either considerably diminished or entirely absent. 
The character of the pulsation also is changed. Tlie beat of the 
ventricles is indistinguishable from that of the auricles, the impulse 
being more or less general over the entire left border. • 

In obtaining the outline of the heart in different positions for 
comparison, it is not wise to depend wholly upon screen obseiwa- 
tions. A careful tracing of the heart under the fluoroscope should 
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be made, and films should be obtained in both the prone and the 
upright positions at a distance of 6 feet. The outlines thus obtained 
should be superimposed. 

An amount of fluid up to 500 cc. may be present in the peri- 
cardium without showing anj roentgenological evidence of its 
presence. 



rio. ICC —The same case as Fig 165. but taken with the patient prone. Note 
the change in the shape of the heart shadow, duo to the shifting of the fluid within 
the pericaniium. 

The differential diagnosis is usually between fluid in the peri- 
cardium and a dilated heart, and it is hasctl largely upon the pres- 
ence or absence of change in the shape of the heart shadow witli 
change in position of the patient. Encapsulated fluid may be 
mistaken for an enlai^rement of one of the heart chambers. 

Adhesive Percarditis.— It is not possible to differentiate the shadow 
of the heart from that of the pericardium, except in those rare cases 
in ^hich the pericardium contains air as well as fluid. There is 
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likely to be some haziness in outline of the heart shadow, and an 
apparent obliteration of the angles between it and the diaphragm. 
The shadow oi the auriries cannot be distinguished from that of 
the ventricles, and the moxement of the heart with respiration and 
change of position is limited. Tliere is usually a general increase 
in size, and pulsation may be diminished or irregular. 



Pio. 167.— Traciae show-Iss tlur titnit«d respiratory oiovemcnts of Ibe heart in 
ndbesiie pericarditis. 

A calcifietl pericardium is seen occ.'isionalh*. It occurs in the form 
of a shell of calcium density aliout the apex or surrounding a con- 
sideralde portion of the heart. Pulsation is absent. The differen- 
tiation betivcen a calcified pericardium and a similar process within 
the heart muscle may be extremely difficult. The process in the 
pericardium is the residue of an old infection, commonly tubercu- 
lous, and is usually accompanied by other eiidence of an old 
mediastinitls. 

The Aorta.— Anatomical \-ariations of the thoracic aorta are 
rarely diagnosed during life. There are two conditions, however, 
which present a fairly characteristic roentgen appearance as well as 
being of considerable clinical Importance. Tlie first, coarctation of 
the aorta, is a u ell-known postmortem finding and consists of marked 
narroa ing or obliteration of the lumen of the aorta oppo«ite, or a 
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little below the insertion of the ligaroentum arteriosura. The collat- 
eral circulation is set up by the costocen'icals, internal mammaries, 
and the descending branches of the transverse cervical above the 
stenosis, and below it by the intcrcostals, the pericardiophrenics, 
and the superior and inferior epigastrics, w ith enlargement of all 
these vessels. On e^amination with the roentgen-ray in the antero- 
posterior view the aortic knob is usually absent, the ascending 


rio. l&S.— Ancunsm of tho aortic arch. 


aiwfa is prominent, and the heart is usuaHv’ er^atged. Jn a him 
taken in this position erosion of the rilis <hie to the enlarged inter- 
costal arteries is often seen; in the second oblicpie position it is 
sometimes possible to demonstrate a stricUire, or the absence of 
the usual shadow cast by the descending thoracic aorta. The 
second anatomical variation is malposition of the arch and des- 
cending aorta. The aorta passes to the right instead of the left, 
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and maj extend downward on the right side of the spine, or it 
may cross the spine to the left side behind the heart. TJie roentgen 
findings in tins condition also show an absence of the aortic knob 
in the anteroposterior \iew, and by rotating the patient into an 
oblique position it is usually possible to demonstrate the abnormal 
position of the aorta; the heart may or may not be enlarged; the 
trachea and esophagus are displaced forward and lie anterior to the 
aorta. The cliaical importance of this condition is due to the fact 
that additional anatomical \ariations of the vessels of the neck may 
occur— llie subclavian artery’ extending into the neck in such a 
manner that it is mistaken for the inferior thyroid artery. 

Increase in the supracardiac shadow, as seen roentgenologically, 
occurs most frequently as the result of lues, arteriosclerosis or high 
blood-pressure. 

In very large hearts there seems to be a relative enlargement of 
the aortic shadow. The aortic shadow is aUo slightly wider in 
cases nith a high diaphragm than in cases where the diaphragm is 
low. Probably some of these variations are due to tlie difference 
in the shape of the aortic arch. If the arch is wide, there is less 
overlapping of the ascending and descending aorta, and consC’ 
quently, the diameter of the shadow is increased. 

Luetic aortitis commonly appears first just above the aortic valves, 
and as the wall of the aorta becomes weakened there is a bulging 
of this area, which appears as a variable prominence of the right 
border above the shadow of the auricle. Py rotating the patient 
before the fluoroscopic screen, an actual increase in the diameter 
of the base of the aorta can be demonstrated. The shadow may 
have the appearance of a cone with its base upon the heart shadow. 
In advanced and atypical cases the dilatation of the aorta may be 
general. There is usually an increase in pulsation, and the shadow 
of the heart may have either an enlai^ment to the left or an 
appearance of flabbiness. 

In arteriosclerosis the calcified plaques in the aorta are not 
visible unless quite extensive. The tortuous aorta, however, does 
present a definite, characteristic rjiange in the appearance of the 
aortic shadow. There is a distinct, sharp increase in the upper 
part of the shadow to the left, and often the appearance of a knob 
at the junction of tlie transverse and descending portions. IMien 
viewed obliquely the aorta will be seen to lie of normal, or nearly 
normal, size. 

In many cases of long-continued high blood-pressure, there is 
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a diffuse dilatation of the aorta which cannot be differentiated 
from that of the diffuse luetic tj^pe by roentgen evidence alone; 
or there may be a combination of diseases present, making the 
diagnosis most difficult, and, at times, impossible. A careful 
fluoroscopic studj should be made of these cases, comparing the 
oblique shadow with that obtained in the anteroposterior view, and 
noting the amount of expansion with each pulsation. 

Pulsation is diminished in arteriosclerosis; it is increased in 
aortic regurgitation and high blood-pressure. 

Aneurysm.— The size, position and location of aneurysms of the 
aorta are seen botli on the film and on the fluoroscopic screen in 
sharp contrast to the surrounding lung structure. If the lesion 
occurs in tlie subclavian artery, or in tlic vessels of tlie neck 
which are not in contact with the lung structure, the aneurysm is 
invisible. 

Aneurj’sms of the ascending aorta are seen to the right, whereas 
aneurysms of the arch usually appear high up to the left of the 
spine. Aneurysms of the descending aorta appear in the lower 
portion of the aortic shadow to the left, and may be partially hidden 
by the shadow of the heart. Large, diffuse aneurysms may appear 
as a general increase in the shadow of the great vessels. 

Dissecting aneurysms are difficult to recognize. Ordinarily they 
cause a diffuse enlargement of the centra! shadow. At times a dila- 
tation of the descending portion may be evident, but this is usually 
obscured by fluid in the left pleural space. 

The pulsations of aneurj’snis are not always seen on the fluoro- 
scopic screen. It is extremely difficult to differentiate between 
expansile and transmitted pulsations; therefore, the presence or 
absence of pulsation, as obscr\’ed fluoroscopically, is not of con- 
clusive value in the diagnosis. The position of the sac is of more 
importance. Its outline should be sbnrply defined, and the shadow’ 
of the aorta should be obscurwf by it. 

Mediastinal tumors, other than aneurysms, are not as sharply 
defined. Their position may be nearer to either the front or the 
back of the chest than that of the great vessels, or they may occupy 
a position either higher or lower than that usually occupied by 
aneurysms. Occasionally, the shadow* of a normal aorta may be 
seen through that of a mediastinal tumor. They displace tJie heart 
and aorta more frequently than aneurv'sms, but do not cause enlarge- 
ment of the heart, which so frequently accompanies aneurysms. 
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Meiiaslinilh, -with or 'wUhont abscess fomation, may cause 
both an increase in si2e and a (diange in shape of the mid-sbadoa\ 
Tuberculosis and lues are, perhaps, the most common causes. 
The mediastinum rarely becomes infected uith one of the pyo- 
genic organisms; if it does, the point of invasion is often by way of 
the interlobar septum. 



Fio ICO — iledi&stinsl eauuoo Not* tbe marled intrease of lie nud-Bbftdow, 
tirousi which the shadow of the heart » visible. .Arrows indicate the borders of 
heart. 


The roentgen findings are fairly characteristic. The mid- 
shadow is enlarged, and roughly triangular in shape, with its base 
upon the diaphragm. Its outline is iiregular and indistinct, and 
the outline of the cardiac shadow can be seen through it. There 
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js no v'isible pulsation, and the shape of the shadow does not change 
with a change in position of the patient. The respiratory move- 
ments of the heart and diaphragm are limited, and in some cases 
paradoxical. This sign when present is almost pathognomonic. It 
is best observed with the patient in the upright position, and the 
tube in the direct lateral position. Upon deep inspiration, the 
shadow of the heart will be seen to follow that of the sternum 
instead of moving downward w'ith the diaphragm. In this xievr, 
the bright spaces generally seen in front of and behind the mid- 
shadow are either obscured or obliterated. 

In atypical cases the enlargement may be to one side only, 
and, should fluid be present, the shadow becomes denser and more 
sharply defined. In some ca^es, where the fluid is encapsulated, 
the appearance closely resembles that of mediastinal tumor. 

The shadow produced by mediastinitis is not in itself sufficiently 
characteristic to permit of a diagnosis as to its etiology, except in 
cases where other organs are involved. Tuberculous mediastinitis 
is accompanied invariably by a tuberculous process in the lungs. 
In luetic mediastinitis, the changes in the heart and great wssels 
characteristic of this disease are frequently seen. The pyogenic 
forms may show’ thickening along an interlobar septum. 

The conditions most likely to be confused with mediastinitis are 
pericarditis, with or without effusion, and mediastinal tumor. In 
the differential diagnosis, the finding of greatest value is the para- 
doxical movement of the heart with forced respiration. This 
does not occur in the absence of mediastinitis. The next most 
important sign is the clear outline of the heart showing through 
the enlarged mid-shadow, w-hich rules out pericarditis with effusion. 
The other findings, such as absence of pulsation and irregularity 
of outline, may be present in either disease. 

The shadow of fluid in the mediastinum, whether encapsulated or 
not, generally appears lower in the chest than the shadows produced 
by enlargement of the glandular structures, or by primary tumor. 
It is not uncommon for the shadow of mediastinal abscess to extend 
to the diaphragm, whereas tJie shadows of enlarged glands, or of 
tumor, rarely appear below the hilus region. 

Perivertebral abscess generally produces a more or less fusiform 
shadow which appears on ?«)lh sides of the central shadow. It 
may be confused with the shadow of the aorta. As this condition 
frequently results from a lesion in the spine, the recognition of a 
destructive process in the vertebra; is of considerable importance 
15 
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in tlie diagnosis. Films obtained in the lateral ^^e^v are of great 
^alue, as they show the bodies of the vertebne much better than 
those obtained in the anteroposterior vieT\-. They also show the 
location of the mass in or behind the posterior mediastinum. 



Fio 170 — Dilated esophaeua due to csrdiospasoi oveilyine nglit border of heart 
uid medjastiQujD. Compare with Fig 169. 


Occasionally in cardiospasm, the esophagus may be dilated to 
such an extent that it appears as a long, smooth shadow curring 
outward into the right lung field. It may be more easilt recognired 
when it continues upward abox'e the clavicles. The adminis- 
tration of a barium meal will aUo confirm its identity'. A div erticu- 
lum of the esophagus may simulate the appearance of mediastinal 
tumor, encapsulated empj etna or aneurysm. 
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The Diaphragm. — Tlie normal diaphragm curves smoothly down- 
ward from the pericardium and forms a sharp angle with the pleura. 
The right side is higher than the left (1 cm. or more), and in some 
cases there are several small cun’es near the dome, which are due 
to minor irregularities in the upper surface of the liver and have no 
pathological significance. Fluoroscopically, the diaphragm should 
be seen to move freely and equally on both sides during both quiet 
and deep respiration 

Changes in Ouiline.—Tht conditions which may cause changes 
in the outline of the diaphragm are; (1) irregularities upon the sur- 
face of the liver; (2) masses directly below the diaphragm, which 
tend to transmit their shape to the shadow of the diaphragm during 
forced inspiration; and (3) hands of adhesions to the pleura, or the 
chest wall, which elevate small, stringy or triangular areas, and thus 
change the outline of the di.iphragm. 

The outline of the diaphragm l)Ccome3 obsaire whenever there 
is a process in the adjoining lungs which prevents their proper 
aeration, and when there is an accumulation of fluid in the pleural 
space. In the presence of any considerable amount of fluid, the 
outline of the diaphragm is entirely obliterated. \Mien these 
conditions are present, the position of the diaphragm on the left 
side may be obtained by placing the patient in the upright position 
and ha\ing him swallow a few times. This procedure increases 
the size of the gas bubble in the fundus of tlie stomach, thereby 
bringing it in contact with the under surface of the diaphragm. 

Chaiiges in MotUity.—A slight limitation of motion may he 
ohser\'cd when the patient is brcafhmg quietly, which disappears 
completely upon deep respiration. ■ ' 

Bilateral limitation of motion may be caused by emphysema, 
ptosis, ascites, peritonitis, pleuritis at the base of both lunp, or 
extensive fibrosis from any cause. Unilateral limitation may be 
due to inflammatory conditions above or Ijelow*^ the diaphragm, sucli 
as pleuritis, a diseased appendix or galWiIadder, subdiaphragmatic 
abscess and pcrinephritic abscess. 

When the inflammatory process is in direct contact with the 
diaphragm, either above or below it, there is, as a rule, a complete 
loss of respiratory movement. Any condition w Inch interferes with 
inflation or deflation of the lung will also cause a decrease in the 
respiratory movements of the diaphragm on the afTected side, 
examples of which are foreign bodies or new grow th in the bronchi, 
and extensive destructive processes in the lung substance. 

Paradoxical excursion of the diaphragm is seen in paral% sis of 
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the phrenic nene, and diaphragmatic hernia. The side atlected 
rises during inspiration, and falls during expiration. 

C^ariffcs in Posi'lion.— The diaphragm is love in ptosis and emphy- 
sema. It is high in obesity, ascites and subdlaphragmatic abscess. 

In eventration and hernia of the diaphragm, the elevation is gen- 
erally confined to the left side. In eventration, the diaphragm is 
considerably elevated, but its movements are normal, although 
somenhat limited. In hernia, its outline is obscured and its move- 
ments paradoxical. In either case, the administration of a barium 
meal will demonstrate the position of the abdominal viscera. In 
emplnscma, both the inspiratorj* and the expiratory movements 
are limited in ail positions of the patient. With visceroptosis, the 
expiratory movements are not limited, and the inspiratory move- 
ments are limited only v\ hen the observation is made in the upright 
position. 

Subdiaphraematic Abscess.— S»l>dmphraginatic absce&s may cause 
marker! upward displacement of the shadow of the diaphragm. 
If the collection of pus Is in contact with the diaphragm, excursion 
is absent. When the infection lias extended into the chest and 
involved the pleura, the outline of the diaphragm becomes obscure, 
and it is not possible to determine from the roentgenogram whether 
or not there is disease below it. Occasionally, a subdiaphrngmatic 
abscess contains a gas bubble, Mow wliich there is a fluid level 
which changes with cliange of position of the patient. For this 
reason these cases should l»e ex.amlnerl in the upright position when 
possible. 

Encapsulated fluid above the diaphragm may closely resemble 
subdiaphragmatic abscess if the collection of fluid b between the 
lung and diaphragm. 

LtfNG FIELDS. 

An examination of the lungs should include both fluoroscopy and 
films, preferably with the patient in the erect position. In certain 
conditions, examination in the prone, oblique and lateral positions 
should be made. 

The number anti position of the films desirerl should be deter- 
mined at tbe time of the fluoroscopic examination. It is not neces- 
sary to take stereoscopic films as a routine procedure, hut in selected 
cases they may be of considerable adtlitional value. 

Kotmal Lung.— In the antenvposterior view the normal lung 
markings represent the bronchi, bloodvessels and lymphatics, of 
which the blwMlvea^eK are the mo»t important part. Any condi- 
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tion which produces an eniai^ement of the bloodvessels causes a 
definite increase in the size and density of the lung markings. The 
normal shadows spread outward from the hilar regions through the 
lung fields for a considerable distance, but rarely reach the pleura. 
The shadow s in the region of the descending bronchi on both sides 
are generally more dense than those in the upper portions of the lung. 

The hilar shadows varj* in size and a considerable experience is 
necessary before one is qualified to distinguish between their normal 
and pathological appearances. The roentgenologist must have a 
fairly accurate idea of the course and distribution of the main bronchi 
within the various lobes. Careful study of stereoscopic films and 
of lipiodol injections is extremely valuable in this connection. 

In the lateral view, the hilar shadows are obsaired by the heart 
and onl\ the coarser lung markings are well show n. This is the best 
position to demonstrate the interlobar septa and the rctrocardiac 
space. 

The size and density of the lung markings depend upon the quality 
of the film. It is important that the exposure time should be suffi- 
ciently short to arrest heart motion. Overexposure obscures the 
markings. Motion increases their size and hlurs their outlines. 
Films obtained during expiration, or when the lungs are incompletely 
exi)anded, show an accentuation of the shadow s in the lower lobes 
due to a decrease in air content and an Increase in the size of the 
bloodvessels. The most distinct films are obtained by an exposure 
made at a relatively long, target-film distance, while the lungs are 
well expanded and the patient is absolutely quiet. The markings 
are more prominent in the old than in the joung, and in all patients 
who have been exposed to a iliisty or smoky atmosphere. 

Kepeated infection of tlie respiratory tract generally produces 
permanent enlargement of the lymphoid structures of the lungs, 
which shows on the film as an increase in size and density of the 
lung markings. 

The lung fields are of equal density on both sides. They are 
slightly obscured by the pectoral muscles and the breasts in the 
postero-anterior view, and, ns a rule, there is slight haziness at the 
left base in the region of the apex of the heart. 

Accessory lobes may be rccognizwl if they arc surroundeil by 
somewhat thickened pleura. The most common example is the 
azygos lobe, which occurs at the right aj>cx. Its outer margin is 
dcfincil by a pleural baud which usually carries several small vessels 
within it, an<l which has the shape of on invcrteil comma. Other 
accessory lower lol>cs have been oliscrveil. Slight tenting of the 
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right diaphragm close to the heart, representing the pleural attach- 
ments along the lateral borders of a small accessory lobe in this 
region is sometimes seen. Any of these lobes may be atelectatic or 
C} Stic. 
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blebs and congenital cysts will give a similar appearance. Localized 
areas of increasnl density are due to consolidation, fibrosis, new 
growth, abscess, infarct, and to any other process which excludes 
the air from an area of lung tissue. 



Fio. irS.—Same case as in Fig 171; exposure made at the end of expiration, with 
lungs deflated 


The root shadott's are enlargetl in malignant disease involving 
glands in this region, in infections, long-standing passive conges- 
tion of tlie lungs and silicosis. 

The lung markings are increased in size and density In most 
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infectious diseases of the lungs, and in all systemic diseases which 
cause a general glandular enlargement, such as lues and Hodgkin’s 
disease. Malignant disease, eitherprimary or metastatic, may spread 
along the Ijmph channels producing an increase in their sliadows. 

Fine mottling or beading along the bronchi is an early manifesta- 
tion of tuberculosis, but maj’ be due aUo to other causes. Fine 
mottling in the lung tissue generally indicates tuberculosis, malig- 
nant disease or fibrosis. A (liffuse mottling of considerable tlensity 
maj be present for months or years following the injection of 
lipiodol into the bronchi. 

Displacement of the mediastinum occurs in conditions where the 
balance of pressure on the two sides is disturbed, if no adhesions 
are present. The displacement is aw ay from the affected side in large 
effusions, pneumothoras or extensive tumor formation. The shift 
is toward the affected side in any condition which prevents expan- 
sion of tlie lung or causes extensive destruction of lung substance. 

Emphj sema results from a variety of causes. It jiroduces a lung 
which is abnormally bright when seen fluoroscopically and a diaph- 
ragm which is low with \ erj' little moiement on respiration. Iladio- 
graphicalij , the lungs arc dark, with well defined bronchial patterns. 
In occasional long-standing cases, large blebs resembling local col- 
lections of air in the pieura, se>eral inches in diameter, may he 
seen. Stereoscopic and lateral films, in addition to the clinical 
eindence, will establish the diagnosis. 

Tabercnlo^. — The primaty focus in tuberculosis is probably in 
the peripheiy of the lung, but it is not alwa.vs e-vident. However, 
an increase in the root shadows is often seen as a result of glandular 
involvement, which, in children, is generally pronounced. In the 
acute stage, their outlines are blurred and indistinct. If healing 
occurs, the shadows gradually ditnlnisb in size, increase in density 
and sharpness of outline, and subsequently show areas of calcifica- 
tion. If the infection progreses. there is a general thiiAemng of 
the bronchial markings along tl»e trad? of the disease, usually 
more pronounced toward one or both apices. WFien this has 
pccurred, the clinical e^aminat^on may reveal dulness at the 
affected area. YThen the extension of the disease is downward, it 
is difficult to recognize in the early stage, owing to the normal 
thickening toward both bases. However, extension in this direc- 
tion is unusual. 

The films of most adult lungs ^ow a certain amount of thicken- 
ing of the bronchial markings as a result of previous infections, 
which ha\e no pathological significance. The demarcation between 
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the normal and pathological lung is not sharp, and it requires 
considerable experience in the observation of films, combined with 
complete clinical data, to avoid errors in interpretation. 

If the process continues, small, bead-like masses appear along the 
course of the thickened bronchial shadows, and triangular areas of 
filmj' density' may be seen with their bases on the pleura and their 
apices extending inward toward the thickened markings. These 
triangular areas are probably the earliest evidence of a definite 
involvement of the parenchjina of the lung but unfortunately 
they are not easily seen and may occur in other infections. 



I'iu. 17.1. — Tubrrculosiiat both Dt>icc8 


In the next stage of the disea<«, finely stijiplcd, grajish spots 
appear tliroughout the intolvetl area, apparently independent of 
the bronchial markings which now extern! to the peripliery of the 
lung. These spots denote definite inxolvement of lung tissue. 
Clinical examination at this time, may show the presence of rules. 
This characteristic fine mottling is the only safe ha'h for a roent- 
gen diagnosis of tuberculosis, and it is present in its most typical 
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form in miliary tuberculosis. TOth further progress of the disease 
there is an enlargement and fusion of these spots, resulting in a 
coarse mottling, and finally the appearance will be that of consolida- 
tion, fibrosis or ca^^tJ formation. 

Areas of healing may occur at any time, or progress and healing 
may occur simultaneously, so that it may be impossible to decide 
from roentgen evidence alone whether or not a case is acti%’e or 
quiescent. In general, active lesions are dim, gray and blurred; 
healed lesions are more dense and sharply outlined. 



Fia. 174. — Feribroocluat tubcrculofia. Adt’aoced luberculosia two years later. 


Consolidation . — The consolidation of tuberculosis does not differ 
to any great extent in its roentgenological appearance from that 
produced by other causes. The correct interpretation of these 
shadows, therefore, depends to a considerable extent upon addi- 
tional data, the most important of which is the history' of the case. 
There are, however, certain observations that the roentgenologist 
should make which may be of considerable diagnostic mlue. 

Tuberculosis commonly begins in the upper posterior portion of 
the upper lobes. In a few cases, particularly in young persons, the 
disease may first appear in the loner lobes. It tends to become 
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bilateral, and is accompanied frequently by disease of the pleura. 
In portions of the lung, other than those in \%hich the major process 
occurs, the characteristic fine mottling of tubercle formation may 
be observed. The demonstration of a round, bright area in ^\hich 
there is absence of lung markings is indicative of cavity formation. 
The demonstration of caxdties is of great value in both diagnosis 
and prognosis. 

The shadow of consolidation from any cause is quite dense, but as 
a rule the ribs can be seen through it. In tuberculosis, the shadow 
is likely to be more mottled than in other lesions, and somewhat 
less dense. It is also less likely to be confined to the region of a 
single lobe, and its borders are not so well defined. 

/"tiirosw.— Fibrosis appears on the film or screen as an increase 
in the lung markings which are dense and .sharjdy outlined. This 
process often results in the displacement of adjacent organs toward 
the affected area. 

CarjVy.— The cavity of tuberculous origin appears as an area of 
diminished density in which there is an absence of lung markings. 
These cavities generally appear at the apex of a lobe or in the 
upper part of the lung field. They vary greatly in size, are fre- 
quently multiple and their outlines arc irregular. There are three 
types depending upon the stage of the process and the patient’s 
resistance, The first shows an irregular mottling in an Infiltratetl 
area, representing a fairly acute process; second, are the round cavi- 
ties with a thin w all— the thinner and more dense the wall the better f 
is the prognosis; third, the fibrotlc cavities with a heavy wall — evi- 
dence of chronicity of the process and resistance of the patient. In 
older indinduals this t\T>e of cavity is often a source of contagion. 
Tuberculous cavities are less apt to show Jluid levels than pyogenic 
lesions. However, small fluid levels are seen and occ.asionally 
films made after a fit of coughing may demonstrate that an area 
of apparent consolidation was a eax-ity filled with secretion. Serial 
films made on the same individual will show considerable variation 
in the sire of cavities and in the extent of the infiltration about them. 

TNbavb'Jofis. — "^Vtiiary fwlwculasis presents a cfiarHcfer- 
istic fine, hazy mottling scattered throughout the lung fields. This 
mottling, as a rule, is more marked in the upper parts of the chest, 
but it may be quite evenly distributed throughout the entire lung 
fields. The shadows arc not dense, and may Imj easily ovcriookcil 
if the film is blurrctl by motion or oxx-retposod. They are rarely 
observptl on the fluoro-copie screen, and unlc>s there is further 
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endence of tuberculosis in the diest, such as calcified mas"^ at the 
lung roots or fibrosis at the apex, the lesion is generally oa erlookcd in 
the fluoroscopic examination. One occaMonally sees a lung field 
dotted u ith small calcified spots, representing miliarj* lesions which 
have healed, ^lany of these are undoubtedly due to tuberculosis. 



Tie. 175 — SliLaiy tuberculosis of tbo Iua$s. “ITie cLanfes are most mirted 
U> tbe nprer lobea. 


Miliary tuberculosis must be differentiated from se\eral other 
processes. Pneumoconiosis and metastatic malignant disease are 
the most common causes of confusion. 

In rare instances metastatic malignant disease appears as definite, 
small, discrete areas of increased density scattered throughout both 
lungs; but the spots, although approxiinating those of miliaiy tuber- 
culosis in size, are more flense and more sharply definetl. 
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Miliary tuberculosis may be differentiated from pneumonoconiosis 
by the fact that it is a more diffuse process involving all portions 
of the lung tiniformly, uhereas pneumonoconiosis ts'pically involves 
sjTnmetrical areas and spares the apices and bases. The mottling 
of pneumonoconiosis is "also more dense, and the spots are more 
irregular in sha{)e afid larger than those obsers'ed in tuberculosis. 

Boeck’s Sarcoid.— The etiology of this disease is not known. The 
common manifestations are seen in the skin, but it can probably 
involve any organ of the body. When it manifests itself in the chest 
it is characterized by symmetrical enlargement of the hilar glands. 
In a considerable percentage of the cases there is also fine mottling 
along the course of the larger bronchi; rarelj this mottled appear- 
ance extends to the periphery. The apices and bases are usuallv 
spared. The process is a chronic one, and is usually accompanied 
by slight irregular elevation of temperature. The appearance on 
the roentgen film may be confused ^ith tuberculosis or Hodgkin’s 
disease. It may be differentiatc<I from tul>erculosis by its distribu- 
tion, and the fact that calcification or cavity formation does not 
take place; and from Hodgkin’s disease by the absence of Involve- 
ment of the peritraclieal glands, and the sjmmetry of the lesion. 

Lobar Pneumonia.— Lobar pneumonia is characterized by sharply 
defined areas of increased, uniform density, which, when fully devel- 
oped, generally occupy the position of one or more lobes. 

In the early stages the shadow, although uniform, is less dense, 
and may be triangular in shape, with the base on the pleura and 
the apex toward the hilum. The lung markings in this area are 
thicliened and tJie hilum glands are enlarged. It has been observed 
in children that dulness and changed breath and voice sounds are 
not ordinarily perceptible until the shadow reaches the hilum. The 
shadow changes with the progress of the disease, and, as resolution 
appears, becomes distinctly mottled. After tlie shadow’ itself has 
disappeared, thickened, bronchial markings or large glands may 
persist for a considerable time. 

The differentiation Iwtwccn lol»ar pneumonia and pleural effusion 
may present considerable dilliculty at times, particularly when tlie 
fluid Is locaiize«l in pockets the lobes or overlying them. 

Lateral films are tssential for a proper interpretation. Fluid shadows 
seldom eorre^jmud e.mcth' to lobar outlines. 

Bronchopneumonia.— Bronchopneumonia octnirs more frequently 
than is generally rccognizetl. Owing to the absence of physical 
signs, the diagnosis may depend la^ly upon the roentgen ex.’unina- 
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tion and the history. The appearance is that of single or multiple 
areas of increased densitj* generally locatetl near the course of the 
larger bronchi. These areas are of varjdng size, and their outlines 
are hazy. The lesion is usually multiple. There is frequently a 
considerable variation in the density of different parts of the same 
area, as Tvell as betv;een tJie different areas. TJie central portion 
maj’ become quite bright, but the lung markings are ne\er com- 
pletely absent, as in ea\'ity formation. These processes rarely reach 
the pleura, and there is generally absence of interference with 
respiratory excursion. 

The differentiation of bronchopneumonia from abscess, bron- 
chiectasis and malignant disease depends largely upon the course 
and clinical histor\ . 

The roentgenological obscr\'ations which are of importance in 
the differential diagnosis arc the presence or absence of atelectasis, 
cavity formation and the number and size of the lesions. 

Abscesses are generally single lesions, and, except in the early 
stages, contain a definite cavity. Shadows due to bronchiectasis 
change with the amount of secretions in the bronchi and there is 
more definite enlargement of the bronclu. In malignant disease 
the areas are generally smaller and more dense, and their margins 
are more sharply defined. 

Bronchitis.— Bronchitis when acute gives no cliaracteristic picture. 
The chronic inflammation appears as an increase in the size and 
density of the bronchial markings and glands. 

Lung Abscess.— Abscesses alwajs occur in tlie periphery of some 
portion of the lung. Lateral views arc necessary to determine which 
lobe and bronchus are involved. Lung abscess generally follows: 
(1) the acute infections; (2) the inspiration of infected material at 
operation; (3) infected einlwlt or (4) obstruction of a bronchus. 
Clinically it is a disease of sjmptoms rather than signs, therefore, 
the roentgen examination is of the greatest aid in indicating the site 
and extent of the process in Its early stages. 

The lesions are usually single, although they may be multiple. 
They may occur in either lung field, but sliow a decided tendency to 
appear at the bases, particularly the right. 77iey assume the 
form of irregular areas of increasctl density, which are most marked 
at the center, fading out toward the periphery. 

Cavity formation is ustially present in the areas of infiltration. 
\Ylien filled with fluid they are indistinguishable from the general 
shadow surroxmding them, but the larger cavities become distinct 
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when partially filled ^\ith air» particularly if they contain sufficient 
fluid to cause a fluid level If a fluid level is present its surface 
shifts according to the position of the patient. Small canties may 
be entirely overlooked, particularly if filled at the time the exam- 
ination is made. They can be demonstrate<l more easily in the 



Fjo. ITS — Lung &bsce«8 The esTity of Iho alocoss can be seen as an area of 
dinuiusbed density in tbe renter of the duU area in the right chest. 


upright position, and the screen examination is likelv to be more 
reliable than the film. Cavities should be carefully looked for, as 
they are of great tliagnostic importance. 

If the patient is raising a la^ amount of sputum, as is fre- 
quently the case, films obtained before and after evacuation may 
show a localized area, the density of ahich diminishes with evac- 
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uation. Partially emptied cavities are demonstrated much more 
easily than cavities that are full. 

The bronchial markings distributed to the areas involved are 
enlarged and coarse, and the hilar shadows are increased in size. 

Abscesses may persist for a long time as areas of thickening, 
or they may heal spontaneously without leaving a trace of their 
presence on the roentgenogram. Their localization is frequently 
unsatisfactorj’ to the surgeon, as the zone of pneumonic infiltration 
surrounding them magnifies the area of involvement. If the cavity 
of the abscess can be demonstrated, its location is accomplished 
best by rotating the patient during the screen examination, and, in 
this way, the point on the chest wall which is nearest to it can be 
demonstrated. This point should be marked on the patient’s skin, 
and, if possible, it should be the point of approach selected by the 
surgeon. The distance from this point to the cavity should be 
indicated also by a second mark on the chest. This mark will be 
at exactly the point where the shadow of the carity appears when 
viewed with the parallel rays of the tube passing through the chest 
at right angles tothe point of approach. This datashould beaccom* 
panied by a statement as to the presence or absence of involvement 
of the pleura. If the pleura is adherent, surgical approach is much 
easier. 

Abscesses may be confused witli tuberculosis, bronchopneumonia 
and bronchiectasis. They are rarely mistaken for metastatic 
malignancj*. Their similarity to tuberculosis lies in the occurrence 
of cavities. In tuberculosis the ca\ jtics usually are empty; whereas 
the cavities of abscesses generally contain some fluid. In tuber- 
culosis there is also further roentgen evidence of the disease, sucii 
as the characteristic mottling elsewhere in the lungs, especially 
at the apices; whereas abscesses are more common at the bases 
and the apices are clear. Brondiopneumonia may be differen- 
tiated from abscess by the fact that it produces a shadow of more 
uniform density and there is no cavity formation. Bronchiectasis 
is generally a diffuse process, and the bronchial changes arc more 
extensive than in abscess, although these two conditions may blend 
into each other at times. 

Small multiple abscesses may l»e mistaken for metastatic malig- 
nant dbease, but the hi^tory and clinical course will determine the 
tliagnosis. 

Bronchiectasis.— The chief value of the nwntgen examination in 
this disease lies in <letcrmining the location and extent of the <li*ca*c 
If. 
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and the presence or absence of other lesions. The characteristic 
picture in a well-advanced case is; (1) the e.^ensi%e thickening of 
the lung markings along the course of the larger bronchi^ (2) the 
enlargement of the hilum glands; and (3) the presence of single or 
multiple areas of increased density in the lung fields near the bronchi, 
which may show considerable change in films obtained before and 
after expectoration. 





LVKG FIELDS 


243 


The introduction of an opaque substance (lipiodol) into the bron- 
chi permits of a complete study of the size, shape and distribution 
of the bronchi. There are two main tj-pes of lung involvement, 
as shown by lipiodol injections. First; Multiple small abscesses 
scattered through a considerable portion of one or more lobes, with 
some evidence of bronchial dilatation or defonnit.v. TJie sca>nd 
form consists of a cylindrical dilatation of the bronchi, which show- 
small buds along their margins. 



Fio. ISO — Sime ca*e a: in Fi* 179. expo-ure made after injeetion of lipiodol. The 
dilated fcmnchi are diatanetlj' %uilj]e 


Foreitm Bodies.— Foreign iHKlies may he either opacjiie, w hen they 
tire easily rcctignized, or iion-opaquc. in which case the diagnosis 
must rest ui)on indirtxit evifleiice. llie presence of a foreign liody 
may cause an area of incrca«cil density as tlie result of: (1) a local- 
ized pneumonia surroumlmg it; (2) abscess fonnation; or {3) a 
collapse of one or more loI«s <liie to bn>nc'liosteno''is. Occasionally 
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the foreign body ma> permit air to pass into, but not out of, the 
afTected lung, producing a localixed enapbj'seroa. 

The routine examination for non-opaque foreign bodies should 
include postero-anterior films taken in inspiration and expiration, 
as well as lateral films. A survey of the neck and the larynx must 
not be omitted. Precaution should be taken to obtain films free 
from motion, othenrise the object may be obscured. 



P 10 . ISI. — Sane case as in Fig 179; lateral Tiew, obtained after lipjodol injection. 


The appearance on the film or screen ndll varj' according to the 
tj'pe, size and location of the foreign body, and often only indirect 
signs are observed. Calcified glands are mistaken sometimes for 
foreign bodies, ^lien there is obstruction to the entrance of air 
into a lung or lobe, there is generally some increase in density 
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throughout the involved area. The diaphragm is high on the side 
affected, and its respirator^' morenients are limited. Tlie heart 
and mediastinal contents are displaced to the affected side. When 
there is expiratory obstruction only, the affected side is unusually 
bright, the diaphragm is low and its respiratory movements either 
limited or absent. If there is displacement of the mediastinal 
contents it is away from the affected side. This tj^pe of ease may be 
more clearly demonstrated by films obtained during full expiration 
and inspiration. 



Fig. 162 — rrimiry iDatiKnaot duwaseof tb«lunic(maitrn(ite tj’pe). There Ls aeniall 
ainouiit ot fluid at the base. «h>cb obscures the lung marVioKs to some eilcnt. 


Gangrene.— The gangrenous lung casts an e.ttensive shadow, 
wliich may occupy one entire lung field. Its characteristic features 
are the presence of large, irregular areas of diminished density, 
and a general coarse mottling of the shatlow. This appearance may 
l>e simulatetl by an cxpamling lung following a prolonged pneumo- 
thorax. 
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Pnmaty Tomor.—MaUsnaivt tumors of the lung arc usually carcin- 
omata arising from the hronchial structures. They are unilateral 
in the early stages, but ma> spread to the meiliastinum anti to the 
opposite lung. 

Early metastases to the brain occur frequently, anil this lesion 
maj' he responsible for the patient seeking medical advice, before 
the primar\ tumor has made itself evident. The disease occurs in 
indi%idua!3 past middle life and is more common in men than in 
•women. Cough, pain and hemoptysis are the presenting symptoms. 
The roentgen hndings will depend upon the size and location of the 
tumor and the presence or absence of complicating lesions. The 
earliest changes are those resulting from obstruction of the bronclii, 
such as limitation of the resjuratory movements of the diaphragm 
on the affected side, and varying degrees of eraphjsema in the por- 
tion of tlie lung supplied by the affected bronchus, 

.ks the process extends beyond the point of origin to the regional 
ij mph nodes, dense rounded masses appear at the lung roots. When 
a bronchus is completely obstructed, the Jung collapses beyond the 
lesion and this collapse is soon followed by consolidation or abscess 
formation. These tumors also evtend along the interlobar septa and 
in some cases there i» a general pleural thickening with the accumu- 
lation of fluid in the pleural space. Since the primarj’ tumor is 
rarely visible and the socondaiy- evidence is often misleading, bron- 
choscopy and liplodol injections arc to he relied upon for material 
help in making a diagnosis. 

Metastatic Toinors.— Metastatic tumors appear in three forms: 

1. There is a piugressive enlargement of the hilar shadows. This 

b unrecognizable in the early stages of the disease, but unmistak- 
able in the later ones, at which time large masses develop at the 
lung roots. In this form a dense infiltration begins at the hilum and 
cctcmb ^nitwanl along the bronchial markings. The affected 
bronchi become sharply defined, increased in deasity, and at times 
enlarged (Fig. l^). i\s tl>e growth progresses, there is a gradual 
enlargement of the hiliim and nieiliastinal shadows, and tbedevelop- 
ment of ftui.l in. tint Ttb, type b, d.VA dweet 

through the lymphatic sj'stem. 

2. The second and perhaps more common form is that iu which 
the growths take the form of multiple, thin, rounded plaques of 
variable size with sharp margins, which are scattered throughout 
the lung fields. These ledons are usually due to cells carnet! in the 
blooti stream. 



Tjo. 1S3 —Metastatic cardnflos* «f the lung rrimary growth 
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3. The third form of metastatic disease presents a fine mottling 
throughout both lung fields, which max' suggest miliary tuberculo- 
sis. The small areas of increased density, however, are a little larger, 
more dense and more sharply defined than those of tuberculosis. 
l.esions of this sort haxe b«n seen in metastases from carcinoma 
of the colon, kidney and thyroid and in chorioepithelioma. 



Fio. iSo. — Metastatic pialignaDt disose of tbe Junes Note the round, sharply 
defined area* of density in tbe lung fields 


Single large metastases of the second t^pe cannot alwaj's be 
differentiated from benign tumors. Their location is significant. 
Benign tumors usually occur in the anterior mediastinum, or along 
the posterior thoracic wall, while metastases occur within the lung 
substance. Benign tumors change slowly in size, while the malig- 
nant ones usually are of rapid growth. 

Syphilis. — There is a difference of opinion on the subject of lung 
'•x'philis, but undoubted cases box'? been reported. S^^philis of the 
lungs is exddenced in three forms: 
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1. In the first tj^ie, there is a general thickening of all the bron- 
chial markings, particularly toward the hilum, producing a fan- 
shaped shadow radiating outward into the lung fields. 

2. The second tj'pe, probably guminata, presents one or more 
dense, discrete masses in the region of the hilum. 

3. The third tj-pe occurs as a diffuse shadow which obscures a 
part of or the entire lung field on one side, which may clear wholly 
or in part under proper treatment. In this 15^)0 the lesion is prob- 
ably in the bronchus, and the picture is the result of bronchia! 
stenosis. 


Fto. JWX — Extenfjvt, cbitauc, inBarnmatorji proetta in\oIv{iu; both lunsa^ Uit par- 
ticularly marked in (he left. Tbe elmiraJ Imdinsi were thorn of typhilii. 


One characteristic feature of this di‘>ease is that the lesions are 
much more extensive than the condition of the patient would indi- 
cate. 

Echiaococcns Cyst.— Kchinoeoccus cj'sts generally occur in the 
lower part of the lung field. Tliey are usually unilateral, and single 
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lesions, but may be bilateral or multiple. The findings in the roent- 
genogram, or upon the fluoroscopic screen, will depend upon the 
size and condition of the c\st as well as upon its position. In this 
disea'ie tliree distinct appearances have been observetl; 

1. Closed c\'sts, which occur as dense, circular or oval, sharply 
defined areas of increased density within the lung field. The dull 
area is of even density throughout, and the surrounding lung tis- 
sue is normal in appearance. The respiratory movements of the 
diaphragm are affected only slightly, and the mediastinum is not 
invaded. 
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^Yhen rupture occurs within the lung structure, the fippearancc 
resembles that of lung abscess. The borders of tlie lesion are not 
sharplj defined, and the pleura may l>e invoh'ed, producing a marked 
limitation of the respiratory c.xcursion of the diaphragm on the 
affected side. 

Dermoid Cysts.— Dermoid cysts of the mediastinum may extend 
into cither lung field. They are always connected with the mctlia- 
stinum usually have a dense wall and may contain calcified material. 



Fio. iss.— CyBtic ncht Ihub. 


Congenital Cysts.— Congenital ej’sts are usually encountcretl in 
children. TJjpv may occur in any iwtwn of the Jung and are par- 
ticularly coiniiion in nexx-ssory loljcs. Their aiipcarancc is that of 
multiple small bubbles In the lung or large j>ockctc<l ensities sug- 
gesting a pneumothorax with adhesions. Their presence may not 
be suspectetl until infection develops and the picture then suggests 
bronchiectasis. 
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A single c\-5t may be large enough to occupy an entire half of the 
thorax or e\ en extend across the mid-line. 

Actinomycosis. — Actinoroycxisis generally occurs in the form of a 
lung abscess, and its roentgenological appearance is not characteris- 
tic. It runs a chronic course with continuous high fever. As the 
disease progresses, the chest wall may become involved, and the 
film frequently presents an area of destruction in the oi'erl.nng ribs. 
This complication does not occur in other infections. 



F)g. iso — ActiDoiD} cosis erf tbelunss Tbe cbancM are most m&rled at tbe r'gbt 
descendiag brODcbus. uoiulaling broncbiectasis 


Psittacosis. — The characteristic findings in this disease are small, 
round spots of pneumonic infiltration uhich usually appear first in 
the left lower lobe. \Yithin a few days the process spreads to the 
opposite side and then is indlstingubbable from the usual picture 
of a pneumonia. 

Silicosis (Pneoffiosoconiosis). — The usual chronic form of this 
disease begins with a deposit of dust in the IjTuphatic system of the 
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lungs producing an enlargement and increased density of both hilar 
regions. Later on there is a slight haziness of the lung about the 
hilum associated with a general increase in the bronchial markings 
due to congestion and fibrosis about the Ijinphatics. There is no 
involvement of the lung parenchyma at this stage of the disease, 
%\hich may last for several jears. Wth continued e.\posure, the 
second stage develops in which fibrous nodules, 1 to 5 inm. in diam* 
eter, appear in the parenchyma of the lung, usually somewhat 



Fio 100. — PnetiiDoooeonioeU. 


symmetrically distribute*!. Tliesc no«lulcs increase in .=ize and 
form confluent masses which may l»c quite large. The apices and 
bases are usually spared but not necessarily so. In the thini stage 
there is a continual increase in the mKlular masses an<! pleural 
thickening <lue to fibrosis nliout the subpletiral lymphatics. Tlie 
final picture is citlicr that of cnnliac failure {<luc to interforence w ith 
the pulmonar\’ circulati<in), or the d<welo{)nient of tul)crcul<>^ls. 
In the latter m«e there may lx* considerable confudon in the *li.ag* 
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nosis. If there have been no pre«ou$ films of the patient’s chest, it 
may be 'ery difficult, after a frank tuberculosis ■nith cavitation has 
develojwd in such an individual, to determine how much of the pic- 
ture is fibrous tuberculosis and how much is a preexisting silicosis. 

The course of the disease varies nith the amount of exposure and 
the chemical composition of the dust. In the acute form found in 
workers in abrasis'C soap factories, the disease may be fatal in a few 
months. The earlier changes described abo' e are not seen and a 
massive involvement of both lungs occurs vefj’ early. It is certain 
that the disease runs a more rapiil course in the presence of active 
tuberculosis or sj^ihilis. 

Postoperative Pulmonary Complications. — In order of their fre- 
quency these complications are: (1) pneumonia; (2) abscess; (3) 
massive coHapse; and (4) infarcts. 

Both pneumonia and abscess have been described, and tlierefore 
wiW not be fnrtbeT discussed- 

Massive collapse or atelectasis is probably due to several causes, 
among which are partial or complete inhibition of the diaphragm, 
and the accumulation of secretion in the bronchi. The lesion is 
obsen*ed after trauma to the chest or abdomen, and folloning 
abdommal operations. 

It ma> be limited to a single lobe or involve several lobes on the 
same or both sides. When the shadow- b unilateral there b a 
sharply defined dulness corresponding to the area of one or more 
lobes, a high fixed diaphragm on the affected side^ a dbplacement 
of the heart and mediastinal contents to tlie affected side, and a 
narrowing of the intercostal space. When both lower lobes are 
involved the diaphragm is high on both sides. The heart and 
mediastinum are not displaced and narrowing of the intercostal 
spaces b not apparent. Usually there is a soft mottled dulness 
in the lower portions of Ixith lungs and in the hilar regions, which 
b often mistaken for bronchopneumonia. Tlie condition may 
clear in a day or so or may become chronic. The treatment con- 
sists of postural drainage or bronchoscopy for the removal of 
obstructing secretion. As soon as the obstruction b «‘Jie%-pd, the 
lung rapidly expands to the oormal sbe. If it is not relieved, 
pneumonia followed by abscess formation is not uncommon, or 
the involved area may remain permanently collapsed. 

Certain shadows seen at the right border of the heart between 
the fourth rib and the diaphragm, in the antero-postcrior riew, 
represent collapsed right middle lob^. The lateral view is neccssarj- 
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to make the diaRnosib. These shadotvs are triangular, o\af or rect- 
angular. They lie in the anterior part of the chest, extending for- 
ward from tl)e lung root. Care must he taken not to contuse these 
shadows with an interlobar collection of fluid. After collapse the 
size, shape and position of the middle lobe are determined by the 
amount of emphj sema in the adjoining lobes, and the presence of 
pleural adhesions about it. 



Fio. lOl,— “M msUc collapec” of the Inoe. The prowu involve* the rtglil tower 
lohe. 

Infarct.t.—Vu\moi\iiry {nfarcts pnirluce hazy areas of ificrca'«c«I 
density, either single or multiple. When K“cn in profile they are 
triangular In “hape with the apex of the triangle towanl the hiliiin. 
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There is no displacement of the heart or mediastinum, and, as a rule, 
there is no interference uith the respiratory movements of the 
diaphragm. 

By means of the roentgen examination alone it is not possible 
to differentiate the lesion from that of of pneumonia. 

The Pleura.— The normal pleura casts no appreciable shadorr, 
and is therefore not vi^le on the film or screen. When diseased, 
it may prevent complete expansion of the lung over the involved 
area, and appear on the Km or screen as an area o! increased 
density, through which the ribs, as a rule, are visible. Tlie respi* 



Fig. 192 — Collspsed middle lolie. Us high positioa was due to pleural adhesions. 

ratory movements of the diaphragm on the affected side are limited, 
and the costo-phrenic sinus may be obliterated. A thin, ctmed, 
white line extending across the right chest, with its convexity 
upward, is seen occasionally as the end-result of an interlobar 
pleurisy. Adhesions, nhen Wsible, appear as strands of increased 
density. 

There has been considerable discu^ion r^mrding the significance 
of thin, annular shadows in variom portions of the lung field, •nhich 
suggest cavity formation. There is no doubt that some of the&e 
represent local pleural thickening. Stereoscopic and lateral films 
will help in differentiating them from cavities. 
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Fleuial Exndate.— Fluid in the pleural space generally produces 
a shadow of extreme density at the base, which obscures the ribs 
and diaphragm. The superior margin of this shadow curves up- 
ward toaard the chest wall in the axilla, unless pneumothorax is 
present, in which event it will show a fluid level that changes with 
a change in the position of the patient. In the prone position, 
the shadow is uniform throughout the chest, and often resembles 



Fic. 195 — PleuRgy. with eSueonstlbe left base X<rte tie position of tbe shadow in 
the »xill3T> U>ider, and the die^cement of tie bean to lie right. 


that of a thvthened pAtuia or pneuiDonia. If the effusion is exten- 
sive, there is generally a displacement of the heart and great vessels. 
The apex of the lung is generally clear. At times fluid may appear 
as a zone of increasetl density about the periphery of tlie entire 
lung- 

Encapsulated Fluid. — Encapsulated fluid produces a sharply 
defined shadow in contact nidi the pleura. It is most common at 
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the base, along the axillary border and between the lobes. When 
the collection of fluid is between tlie lung and the diaphragm it may 
simulate subdiaphragmatic abscess. There may be more than one 
collection of fluid, or a single collection may be divided into one 
or more pockets. These jiockets may not become visible until after 
an attempt is made at drainage. 



Fio 190, — Lateral riowof a oormsl Iudk- Thrchadowrpw'tnbtinK m mxMlr 

lolie u dup io the o«erI-ir>pinKt>f * h<ch right diaphracm Ami th^ heart shadov. 

The rtH'ntgcn cxafniiiation in these cases should nlwajs include 
localization under fluoroscopic olrsenation, of jwstcro-anterior 
and lateral films. It is of considerable importance to the surgeon 
tliat the lowest p«)int of the |>ockct be located. In onler to obtain 
this jroint the patient should l>e placetl on his shle, w ith the area to 
be c.xaminctl iipjicnnost and the bips slightly clovntrtl which will 
jwrrnit any air which may W present in the pocket to outline the 
lowest point. In this way, the relation of the floor of the pocket to 
the chest wall can Iw dcmoiistratctl. 

There is no difTercnce in the density of the slmdow cast by an 
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exudate or effusion and that cast by pus. The shape and po'-ition 
of the shatJow, however, may be of considerable aid in the diagnosis. 

Simple fluids are rarely encapsulated, and, for this reason, arc 
seen in the most dependent portions of the chest, usually tlie costo- 
phrenic angles, from whicli th^' e.xtend upward and inward, the 
axillary border always remaining the highest point and the upper 



Fn.. 199.— I’nmmoiWax. parlitl tlierislit lune Note the klvrace 

ol hine marikingt mtii tbe iarivafrd ndtaWiiy a( the r^ipheo. 


Ix'nlrr maintaining iw cur\T»J form. An i-wpvt'mn may form h 
the same manner, but ns it is frequently enrap'UlafeiJ the curve of 
the upper margin may Iw ai>>ent. In differentiating betwt-en lobar 
and iiiterloViar .shadows, films made with a bigb tul»e pfiMtion, so 
that the inrident ra.vs enter the patient’s upper liack at an angle 
of .10 <legrces from tlie honmntal, may lie U’^bil. 
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Pneomothorax. — Pneumothorax is characterized by the presence 
of an area of greatly increased radiability in the peripherj’ of the 
lung field in which the lung markings are absent. Its borders are 
sharply defined, and consist of the walls of the chest cavity and 
the margins of the compressed lung. 



Fio 200 — Hydropneumothorax (paOent id tbe apngbt position). Tbe fiuid Ie\el 
IS ««ll sbowii at about tbc nudills ot the left thest. 


"When the pneumothorax is complete, and no adhesions are 
present, the lung collapses and appears as a lobulated mass at 
the hilum, in which, as a rule, only a suggestion of lung markings 
can be seen. In the presence of pleural adhesions the collapse is 
incomplete. The shadow of the pneumothorax may be ditided 
by bands giving it a sacculated appearance, or the area of pneumo- 
thorax and lung tissue may overlap each other. A small, localized 
pneumothorax appears as an area of somew hat increased radiability 
overlaid by normal lung markings, and is difficult to detect unless 
obsert ed in profile. Large empht sematous blebs must not be mis- 
taken for localized pneumothorax. 
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Films taken at the end of the expiratory phase are necessary to 
demonstrate a pneumothorax in some cases and are always desirable. 

Calcificatiotts fre<]uentl\' appear in the pleura in the form of 
ragged, dense plaques or lines. They may occur in any part of 
the lung field, but are seen most frequently along the axillary 
border, or in tJje region of the lower Jobes. Tiie respiratory move- 
ments of the diaphragm on the affected side arc usually limited, 
and the position of the diaphragm may be high. This condition 
must not be confused with calcification of the costa? cartilages, 
which is of no significance. 

Malignant disease of the pleura ]troduees a shadow which suggests 
a smalt effusion or greatly thickened pleura, and the diagnosis can 
seldom be made from the roentgenological es-idence alojie. It is 
usually accompanied bj an effusion. Endothelioma of the pleura 
appears first as a (ocalired thickening of the pleura, usually in the 
upper portion of the chest, and slowly involves the entire pleura 
on the affecte<l side. \ characteristic finding is a retraction of the 
ribs over the growth. 

Fluid in the pleural space, or disease of the pleura, may he con- 
fused with a j)atho1ogical process In the lung stniciurc. This is 
especially true if the e.xamination is made in only one position; hut 
if the patient is rotated during the fluoroscopic observation, and 
Literal films are obtaine<i, the true location of the process ran 
generally be demonstrated. 

Radiation Fibrosis.— Following massive do<es of iieavlly filtered 
radiation to the chest wall, a fiJirosisand jMrfi.iJ atelectasis de\ flops 
in the irra<llateti area of the lung. It ai)]>ean> about six or eight 
weeks after tlie treatment and is accoinpaniinl by a severe dry, 
hacking cough ami marke«l shortness «f breath. 
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CHAPTER IX. 


THE GASTRO-INTESTINAL TRACT. 

Technic. — An Adequate examination of the gastro-intestinal tract 
should include both a fluoroscopic obser\’ation and a series of 
films. The fluoroscopic obscr\'ation reveals information relating to 
mobility and function ^\hich cannot be obtained from the films 
alone, uhcrcas the films present detail of structure which may be 
overlooked on the screen. These combinctl methods are, therefore, 
complementary. 

The \aluc of fluoroscopy <lepcnds upon the skill and experience 
of the c.xainincr, and it is obvious that he should be uell trained. 
The secret of success in this uork is tlioroupljiicss, which Is more 
essential in this partietdar examination than in any other field of 
roentgenology. Examinations should frcrpicntly be relented, and 
the patient nrlequntcly studied, before an opinion is rcndcrwl. A 
brief knowle<lgc of tlie clinical history is C'scntial, and tins should 
be obtaine<l before the roentgen exammation. 

Special care should l»e use<l in selecting the barium sulphate. 
The preparation sold by the large dnig hou'^cs for internal use is 
free from all impurities, and absolutely harmless. Tlie commercial 
proiliict, on the other hand, may contain poisonous impurities. 

For a study of the csophagiis ami the upper gastro-intestinal 
tract, the patient should report in the morning, liaxing taken no 
foo<l or liquid since the pnwious evening meal. The j»atifnt is 
plaeetl in jmsition for the fluoro-^copic examination and given a 
swallow of a fairly thick barium mixture. Its progress is watchtsl 
through the esophagus am! stomach. Anotlier swallow of barium 
is given and the stonjach and duodeuuin arc carefully palp.Ttcd to 
outline the pattern of the muco«a. This study of the mucosa may 
be condnctiHl with the patient upright or butter in Iwtli the ujmglit 
and pn»ne i>o«itinns. Variations from the nonnnl are iiotw! and 
rceonlcil on sjxit films. The patient then drinks the reiiinlnder of 
an S-ciunce meal, which outlines the entire stomach ami duiKlennin. 
llefore the study is coneludcd, theKxxim! and thin! i>()rtions of tlie 
duoflcuum are carefully ol>«er\f»I and large films are made for rreon! 

{?«) 
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purposes in the prone position. The patient returns In six hours 
for an examination of the ileocecal region. In some clinics a double 
meal is employed. The patient takes a standard barium meal 
with a carboindrate breakfast and reports for examination six 
hours later, ha% ing taken no food in the intetwal. At this examina- 
tion the upper abdomen is inspected for the presence of a residue 
in the stomach, duodenum or upper intestinal tract, and the ileocecal 
region carefully studied. .K second meal is gi\'en and the same pro- 
cedme carried out as with the single meal. 

In some cases it may be desirable to have a nine-hour obsen'ation 
to check the emptying time of the small intestine. In this case the 
second meal is not administered until after the nine-hour obseiwa- 
tion. The patient is seen again at twenty-four hours after the 
first meal for a study of the colon, noting its position, tone, mobility 
and motility. To complete the examination, the patient should 
return (or an opaque enema after catharsis. If the history suggests 
that there is a lesion in the colon, the method of examination may 
be rcN ersed and the enema given first. The barium enema should 
be ghen under fluoroscopic obserx'ation, with the patient prone, so 
that the sigmoid loop falls forward and is flattened against the 
anterior abdominal wall. By thb maneuver small lesions in the 
sigmoid ma> be visv.alizwl which would be obscured by the super- 
imposed shadows of sigmoid and rectum. If the patient were supine. 

The enema should be given slowly to permit detailed study of the 
filling of the bowel. tMien the enema has reacherl the upper sig- 
moid the patient should he tumeil on his back and the entire colon 
palpated as it fills to bring out the mucosal pattern and to determine 
the presence or absence of fixation or points of tenderness. Spot 
films may be taken of any unusual findings. The patient should be 
rotated slightly both to the right and left, to uncover the loops of 
intestine in the pelvis an<I at the flexures, ^^’ben the colon is com- 
pletely filled large films are made covering the entire colon. The 
patient evacuates the enema after whirfi tJie fluoroscopic examina- 
tion is repeateii and another large film made. 

THE ESOPHAGUS. 

The esophagxis well outlined by the ordinary barium meal. 
For more detailed observation, particularly in cas« of suspected 
new growth, a thick mixture of barium sulphate is more valuable. 

In the right oblique diameter, the nonnal esophagus can be seen 
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clearly tbrottgJiout its course. It presents an indentation on the 
anterior border at the level of the arch of the aorta, a second slight 
indentation, due to the left hronchiis, and then airvcs backward 
behind the heart, to enter the stomach. In its lower course it is an 
excellent guide to the outline and position of the posterior wall of 
the heart. It is smooth in outline, and the opaque mass passes 
readily through it with only a momentary pause at the aortic arch, 
and a slight delay at the oanlia. Regurgitation of the meal through 
the cardia w ith the patient prone or supine may occur under normal 
conditions, but it is more frequent in gall-blatlder disease and in 
carcinoma of the stomach. 

The normal esophagus rarely shows peristalsis. ^Yhe^ i)resent 
it is usually indefinite an<l broken. With obstruction from any 
cause, however, waves of vaiyiiig <lepth may he obserx-eil in the 
esophagus above the obstruction. In advanced cases it may be 
re%'erse<l. 

CAohjim tn iWh'oK.— The esopliapis max be displaced by: (1) 
mediastinal tumors; (2) ancuiysms; (.3) effusion; (4) fibrosis of the 
lung; (5) diseases of the spine; (C) developmental anomalies. Tlie 
displacement Is almost invariably <luc to extrinsic onuses. I^osions 
w ithin the esophagus rarely cause ilisplaccincnt, although they may 
produce marked dilatation and tortuosity. The position of the 
esophagus may be of con^hlorablc value In determining the location 
of a mexliastina! tumor. 

CAcnjM i« 0«t/ine.~Tho outline of the normal esophagus is 
smooth. Irregularities in outline arc generally due to tumors, 
varices, spasm or adhesions. 

Annular deformities are due to carcinoma or stricture. Smooth, 
rounded depressions in outline result from the pressure of extrinsic 
tumors or adjacent organs. Multiple irregularities and constrictions 
are generally caused hj the ulceration and •^car-tissue formation 
due to the swallowing of eoiroshe substances. Congenital atrwias 
are encountered in infants. One end of the e'^ophagiis usually con- 
nects w ith the trachea or bronchu'.. 

A projection of the barium shadow liejond the iioniiat outline 
of the esophagus is prc-eiit in dhertieula and fistula:. Ulcers do 
occur octasionally in the lower t^iphagus but they rarely show a 
crater })rojeTting Ix’scntl the htmen. 

C^anffrs in Size . — The nonnal c<ophagu< vnrii*s con»itlorably in 
sire during an olwrvation. The walls are llexilile and dilate in 
proportion to the sire 4)f the Itolus pas'-ing through it. Dilatation 
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of varying degree occurs above obstructions. As a general rule, 
the lower the obstruction and the longer the duration, the greater 
will be the dDatation. For this reason benign lesions generally 
show a greater degree of dilatation than malignant ones. 



FiQ. 201 — DUeTtU^Ja o{ the cso^hae'^. the buiuia mass lies to the side 

and fpiUs a\er into the esopbasusat tbe punt indicated by the arron’* 

Congenital Anomaltcs.—Thc esophagus may he absent or par- 
tially or completels double. TJiere may be a stenosis in the lower 
portion. Fistulte may occur into the trachea ith either end of the 
esophagus ending In a blind pouch. T^Tien anomalies of tlie aorta 
are present the upper esophagus may lie anterior to the arch of the 
aorta or be di^placetl either to the right or left. 
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DiTerticula.— Diverticula may appear in any portion of the 
esoi)hapus, but most commonly in the upiier and lower ends. They 
appear as rounded pouches, wliich overflow into the esophagus. 
It may be necessarj' to view the patient from several angles to bring 
this opening into profile. The pockets remain partially filled after 
the remainder of the meal has passed on. A liquid meal is prefer- 
able, as solid masses may not enter them. 

Fistul®,— In rare cases the meal may be seen to enter a descend- 
ing bronchus through a broncho-csophagcal fistula resulting from 
an ulcerative process invoKnng the bronchus or esophagus due cither 
to carcinoma or infection. 



Cardiospasm.— The esojdiagus may Ik* gre.itly dilated in eanlio- 
spasm. A gla*® of hot water will sometimes relax the spasm, and 
permit part or all of the meal to enter the stomach. There is no 
app-arent lrr«^jJ<irity of outline, and the sliathm- ends at the ranJia 



270 


THE GASTRO-IXTESTIKAL TRACT 


in a smooth, funnel-shaped mass. Peristalsis becomes ^■isible, and 
it may be deep, irregular, or at times reversed* The dilatation of 
the esophagus occurring as a result of cardiospasm may cause the 
margin of the esophagus to evfend info the lung field on the right 
side. In these cases there may be a delay of the meal above the 
cardia for hours or days. 



Fio. 203 — Cardiospasm alicnrins Abtad, cas-GUed esophagua, aa indicated by the 

arrows. 

Tumors of the canlia of sufficient extent to cause obstruction 
can generally be recognized by irregularities In the outline of the 
barium mass In the lower esophagi^ or stomach. They do not 
produce the extreme dilatation of cardiospasm. 

Varices.— Esophageal varices usually occur as the result of obstruc- 
tion in the portal sj'stem but may be the only lesion demonstrable. 
They are best seen with the patient in the supine position after 
swallowing a small amount of a \iscous mivture. The normal 
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mucosal pattern is replacwl by tortuous, wonn-likc bands of dirnin- 
isbcd density running longitudinally, nbtdi are usually most marked 
in the lower third of the esophagus. They may vaiy in size, with 
changes in the intratlioracic pressure. They do not show ])uIsation 
except as it is transmittal from the aorta. Demonstration of these 
legions is important tor tiiey arc a frequent cause of hemorrhage, 
and their presence may lead to the diagnosis of an unsuspected 
cirrhosis of the liver. 



Fio. SOI.— Cstrinnma of (ho c«>rh«eii«. No(e tho rhfttvtrruti'' ann'ilsr rarc*^i. 
nmttIrU 


Eenirn Stricture.— Constrictions of the csopliagus of non-malig- 
nant origin are conijwratKrly rare, Tliey may c»ccnr in any part of 
the esophagus, Init are ob«pf\ed. as a rule, in the rnlihlle and lower 
thirds. TJh*\ arc frequently miiltildr.nnd there isgenemlly aniarkwl 
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dilatation above the point of constriction. Their outline is smooth 
and frequently cone-shaped, \rith the opening at the apex of the 
cone, "nie esophagus directly below the stricture is normal in 
size and contour. Peristalsis is usually erident above the con- 
striction. 

Constrictions may be differentiated from ^asm by their con- 
stancy, from di\'erticula by the fact that the opening is at the 
lowest point instead of at the side, and from carcinoma by their 
smooth outline, degree of dilatation and the fact that they are so 
frequently multiple. 

Tumors o! the Esophagus.— Carcinoma is the most common lesion 
occurring in the esophagus. Like carcinoma elsewhere, it is a dis- 
ease of late adult life, and the onset is insidious. Tlie earliest eri- 
dence of its presence is local spasm or defonnity of the mucosal 
pattern. When ulceration has occurre<l the findings become charac- 
teristic, and can generally be demonstrated by either the liquid 
or the semi-solid meal. If the latter is xi«ed, care should be taken 
to have the esophagus clear of all solid particles, as they may simu- 
late the mottled shadow of carcinoma. The common location is in 
the middle third or lower end, but the lesion may appear at any 
point. 

The outline of the esophagus presents a constant anntUar, mot- 
tled deformity of xarying extent, with ragged edges. There is 
little, if any, dilatation of the esophagus above, and the lesion is 
ne-ver multiple. Peristalsb may be vbible, but it is less likely to 
be observed in the malignant lesions than in the benign tj^pe. The 
patient may complain of pain during the examination, and may have 
considerable difficulty in retaining the mixture within the esophagus, 
especially if the lesion is high. Benign lesions do not produce this 
reaction. 

Esophageal spasm is the most frequent cause of mistake in diag- 
nosis, and should be ruled out by repeated examination. 

Other tumors are rare but leiomyomata and myxonjata have 
been obsen ed. 

THE STOMACH. 

The normal stomach hangs more or less centrally in the aMom- 
mal caxity with the lesser curvature at a variable distance above 
the level of the iliac crests. 

The shape and position of the stomarii are determinetl by: (1) 
the habitus of the indhidual; (2) the tone of the gastric wall; (3) 
the tension of the abdominal mtiscles; (4) the pressure of adjacent 
organs; and (5) the amount of the barium meal administered. 
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Thin individuals •\^ilh a narrowr costa! arch have long central 
stomachs, which hang low in the peMs. In broad, fat individuals 
with a wide costal arch, and in individuals of strong muscular 
development, the stomach is high and transverse. In asthenic 
states the stomach is low, and owing to the lack of tone, the 
meal settles in the lower pole, causing the walls of the body to 



F«o e0'>-— Mufo*aI psitfTO of normal 


collap'c. Ill the prone jm-ition. the stoninch swings up umlrr the 
liver, lying more transver«cly than when in the upright position. 
Wien the stomach is empty its s»alls are in apposition, except «i 
the canlm. which is ililaloil by the gas bubble. As the stomacb 
fills, tlie meal c<*llects in a fimnel*sliapr<l ma«s lielnw the pas bubble, 
and gradually dKtends the IhuJv ami antrum. In atonic «fornacb«. 
tbe me.al p-n'M*-* rapidly to tbe lower pole, wldcb enkirge* nut of 
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proportion to the bod\. Some individuals have a large posterior 
extension of the cardiac pouch which retains a fluid level of its own 
in the upright position. 

The outline is smooth, except for indentations due to peristalsis, 
and for a ' ariable amount of irregularity on the greater curvature 
due to folds in the mucous membrane and pressure from the colon 
and spleen. Small, transient indentations occur on the margins of 
the antrum near the pv’lorus. The rugae show' through the barium 
mass whenever the walls are approximated. With the first swallow 
of barium the rugte below the gas bubble are visualized and next 
those in the body and pvloric end of the stomach. Tlie barium is 
easily spread over both walls by palpation and ordinarily a small 
amount squeezes through the pylorus to outline the folds in the 
first portion of the duwlenura. Rugae represent folds of mucosa and 
submucosa. Changes In cither one will produce alterations in the 
relief pattern. The\ vary in size and distribution, being in general 
parallel to the long axis along the lesser curvature and on the ante- 
rior wall, more tortuous on the greater curvature and posterior wall. 
At limes it may be impossible to demonstrate them in the antruiQ. 
They may be increased in size in inflammatory conditions, hyper^ 
trophic gastritis and l.vmphomatosls. Diminution in size is of no 
significance. They are locally absent about tumors. In the region 
of chronic ulcers they are distorted, with a tendency to produce 
stellate patterns due to scar tissue fonnation. 

Normal peristalsis begins at about the middle of the lesser 
curvature, with a corresponding shallow depression on the greater 
curvature. Tlie waves travel towaril the pylorus without inter- 
ruption. Thev' become progressively deeper as they pass forward, 
and may bisect the barium at the upper limits of the antrum. 
If the pylorus opens, the antrum contracts and forces its contents 
into the duodenum. If the antrum does not contract, the waves 
move to the pylorus. Peristaltic waves occur at iiiterv als of about 
twenty seconds, varvdng with tlie patient and the kind of meal 
administered. Ordinarily no more than two or three waves are 
visible on a stomacli at the same time. They are affected strongly 
by mental states, being increased by anger and inhibited by fear 
and nausea. They are also increase<i in numlwr and depth with 
the patient in the prone position. 

Changes in Sue.— The stomach is increase*! in size when dilatation 
has occurred as a result of pyloric obstruction, and in all conditions 
where there is a general loss of muscular tone. It is diminished in 
size as the result of: (1) increase in tone elue to strong, muscular 
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development; (2) spasm, either local or reflex; and (3) invohement 
of the wall by ulcer, cardnoma, adhesions, syphilis or linitis 
plastica. 

Changes in Position.— The stomach is displaced upward nn«l to the 
right (1) when there are adhesions resulting from gall-bladder dis- 
ease; (2) accviinulation of a large amount of gas in the splenic flevure; 
and (3) tumors in the left upper quadrant. In some cases of appen- 
diceal disease, or adhesions, the lower pole is swung over towanl 
the right iliac fossa. The stomach may l)e disidaectJ and rofateil 
upwanl on its long axis in cases of adhesions to the anterior alxlom- 



Fio :20>>.— . 1 . penctretins ulcrr of the Ic^r eurrsturo, P, uWf of lh« d'lodenum. 

ina! wall. (»eneral gaseous detention of the intestine, or fluid in 
the i>eritoncal cavit\ , crowds the ••tuinneh fipwnn! agaln'>t the liver. 

Displacement of the stoniadi downward (ptre.js) K of no imjmr- 
tance iitilc'-! otwmp.inicfl by ileflnite clink'nl c\ ideneeof ahnomial 
'riw stwiiavb iwwy W dwT-wNwril myX to tlw kit 

by enlargi'inent of tlie liver, or tumors in the riaht up{>cr quadrant. 
Ill pxloric oletniction when ililatatioti h.x< rK-cumxl, the stntoarh 
*lin<!ow «>ften npjicflr* farther to the right than nomial. but this is 
due to the dilatation of tlie antrum, and i< not, therefore, a true 
ili<j>lrtcfment of the entire *>tiMiia<h. .\t times the ennliae en'l of the 
stomach i' found nlnne the dtaphragm as the rr'iilt of a congenital 
or traumatic’ h« nua. It K usually liest s«fn with the j atienl »upin*\ 
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Changes in Ontline.- Changes in the outline of the stornacli occur 
as the result of. (Uspa'm. (2) gastric lesions; (.3) defects due to ex- 
trinsic causes, such as prcf^nre from tumors; and (4) solid materials 
in the stomach, such as fooil-masses, foreign bodies, hair-bal|s, etc. 

1. Changes in the Outline of the Stomach due to Spasm.— Localhed 
spasm produces narroir contractions which may be near the p> lores, 
or in the upper portion of the body of the stomach, at which point 
the greater cun'ature is drawn in toward the le-^ser o^er a spac-e of a 
few niihimeters. These spasms may be reflex, or due to the irrita- 
tion of a small ulcer or new growth at this level. Spasm in some 
cases may be extensis e. obliterating the entire antrum, for example. 
Like the localizerl spasm, h m.iv lie entirely reflex, or due to an 
assodateti legion of the stomach wall. 

The differentiation of functional and organic spasm is often 
most difficult. Functional spasm is generally transitory, so that 
repeated examinations will often settle the question. .Antispas- 
inodics, such as belladonna and papaverin, may be employed, but 
the results will not Vie conclusive, owing to the fact that at times 
they will relax the spasm as«ociatcd with a lesion of the wall as 
readily as that due to extrinric causes. Tlie demon«rtration of normal 
mucosa in the affecteil region is strong e% hlence against an intrinsic 
lesion. 

2. Changes in the Outline of the Stomach Due to Gastric Lesions. 
—Under this heading are: (a) the contracted, rigid, smooth lesser 
curvatures with absence of peristalsis, ns observed in ulcer and 
carcinoma; (b) the presence of a penetrating or perforating ulcer 
projecting from the gastric outline on the Ies=er cun-ature or pos- 
terior wall, and (c) the marked irregularities of carcinoma which 
vary according to the size, shape and position of the tumor. These 
deformities, as a general rule, are either annular or irregular; if 
the latter, they are due to the presence of nodular masses invad- 
ing the barium mixture, thereby prwluciiig ragged holes or markings 
resembling finger prints. 

Other deformities of outline are caused by; (a) local contractions 
due to ulcer and Us associated spasm; (b) extensive defects produced 
by lues, suggesting ulcer or carcinoma; (r) «car-tissue contraction 
in the gastric wall, producing the so-called “hour-gl.iss” stomach; 
(tf) polyps which cause round defects in the barium shadow. They 
may be single or multiple or take the form of irregular defects along 
the greater cur\ ature, 

3. Changes in the Outline of the Stomach Due to Extrinsic Causes.— 
There are defects in the outline of the stomach due to extrinsic 



TItE STOMACH 


causes, such as pressure from adjacent organs or tumors, ns, for 
example, an enlarged gall-bladder tvhich may produce a rounded 
depression in the region of the pylorus, or pancreatic tumors 
ahich may cause an irregularity of tlie greater or lesser curvature. 
These defects in outline are not constant in all positions of the 
patient. An enlarged li\er may cause a defect in the antrum by 
compressing it against the spine, lii films obtained with tlie 
patient in the prone position, it will be ob-jcrvwl that the pressure 
of tlie spine against the aixfominal wall generally produces a break 
in the barium shadow oxerlying it. Tliin individuals often show on 
indentation on the greater ciirx'aturc due to prostire from the left 
costal cartilages. 

Perigastric adhesions, partlcuLarly in the region of the pyloric end 
of the stomach, may prcxltice raj^etl defects in outline stiggcstitc 
of carcinoma, but, as a rttlc, they arc not constant in all f>ositions. 

4. Changes in the Outline of the Stomach Due to Solid Materials 
in the Stomach,— Any soti<l material in the stomach, such ns foo<l* 
mas'os, foreign Ijodies, hair-balls and the like may cause flefects in 
the barium mass « hich resemble malignant dise.a5C. lion ever, these 
irregularities shift with change in the iwsition of the p-atlcnt, and 
there is no interference tvith peristalds. 

Papillomata produce irregularities of outline similar to those 
caused by large foreign bo<iies, but in papillomata there is little 
disjilacemetit of the defects xvith change in the position of tlie 
patient, and they are constant upon repeafe*! cxamiaations. Peri- 
stalsis is not interfered with. 

Changes In Peristabis.— IncreaM! In the tlcpth and spec<l of jicrl- 
staltic xvaves may he due to rcJIcx cause«, or it may be compensatory 
to a discaso<l pjloriis. 

In the early stagt-s of pyloric oijstruction, the waves arc deep and 
vigorous. They may db'idr the stomach into segments, giving it 
the appearance of a row of ball*!. In this condition tlie waves 
also In-gin higluT, and the niimlxT of waves xidble at one time an* 
incrcn'c<f. 

iVri'taltic wavi-* are ab-ent in: (1) nch\!la: (2) p\Iorie slemi'is 
after extreme tlilatntioii ha-s cKxnirrwl; (Tt) inliltmtion of the gastric 
wall:<ir (1) na’i'ca. fear and fBintne''<. When the.«t«»mneh iNgn^atly 
dilatis] Mssmdary to pUoric jH'rioils of exagcemlfil prri'*- 

tnl'ls altennite with rt>mplete «-ev-ation of aeli%ity. 

IVri'taltic wa%rs litssimc irregiilar when they emtmntcr lainb 
of adbe^Ion^ <ir areas of infiltration iti the gastric wall. In ct-rtain 
fnnrtionid di'<iws nl'o the? are irregiibr, IVri'taltic wa%<*s mas 
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be reversed in carcinoma and during vomiting and the gastric crises 
of tabes. 

Motility.— In an adult the emptj-ing-time of the normal stomach 
% aries from three to six hours, depending upon its tone and func- 
tional activity, and the amount and composition of the meal. In 
children up to sue } ears of age the emptying-time is about half that 
of the adult and the same is true of their intestinal rootnity. Rapid 
emptying of the stomach in an adult suggests: (1) achylia; (2) early 
duodenal ulcer; or (3) an incompetent pjlorus. 

If there is a definite residue (one-fourth of the meal) beyond the 
six-hour period, and the patient has taken no food in the interim, 
the conditions to be considered are: (I) a lesion within the stomach; 
(2) a spasm of the pjlorus from extrinsic causes, such as duodenal 
ulcer, disease of the appendix or gall-bladder; or (3) an obstruction in 
the intestine below the stomach. In some instances delay may he 
caused by acute illness, general atony of the gastro-intestinal tract 
and the action of drugs such as morphine. 

DISEASES OF THE STOMACH. 

Carciaoma.— The onset of carcinoma is insidious and usually the 
disease is well established u hen the patient appears for examination. 

The characteristic findings are; (1) irregularities of outline; (2) 
alterations in the mucosal pattern; (3) sluggish, irregular, reversed 
or absent peristalsis; (4) esophageal or gastric stasis; (5) early 
gastric emptjing; and (0) loss of flexibility of the stomach wall. 
The appearance varies considerably both with the tjpe of growth 
and with its location. 

Carcinoma of the cardia b often difficult to visualize. In these 
cases, it b well to observe the first mouthfuls of barium entering 
the stomach. It will be seen that the.jet is irregular instead of 
smooth, and there may be delay atjthe cardia. There will also be 
rigidity and deformitj* of the fundus, which does not change upon 
deep inspiration. This observation should be made with the 
patient lying on his back. 

Large growths in the body and antrum of the .stomach are gener- 
ally characteristic. There Is a ragged, a^tilar defect which is con- 
stant at all times and in all positions. 'If the tumor is palpable, it 
coincides with the defect. Peristalsis is absent in the region of 
the growth, and may lie either irregular, sluggish or reversed else- 
w here. Stasis is generally present but not laige In amount. 
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Carcinoma of the stomach is to lie difTercntiated from l>eniffn 
nicer, hies, adhesions and extra^stric tumors. T^\7)ical ulcers and 
carcinomata are «lifTerentiatc<l easily, hut tlie liorderline cases are 
difTicult to identify. 

Carcinomatous ulcer, like the licnign tMic, may he limited to 
one nail, and present a ripd area of infiltration from lehich the 
pocket of a crater projects. However, the crater is Rcncrally 
larper in carcinoma, ami peristalsis is either diminished or irregular, 
N%hereas in ulcer it is likely to l>e increased. Stasis may occur in 
I>oth conditions, hnt is, |)erhaps, more tximmon in nicer, ."^pasni 
and incisurm are also more common in nicer. 



Fiij. I’OT.— t'«r<’lhom» of Iti* lb** intj Wwr 

I'hc location of the legion is of preat inif>*>rtanr*v Ihnji^n nherji' 
ticnisnri'nire in the prrjn lorie rejrhM* «*h 1 iie\ er iKXtir on ihecrratrr 
curvature or in the ranlia. 

There i' a din’mnKv in the apiJeannec of the relief ivitlern sl>oiit 
the two Ic'ions. In carcinoma the ruR.T stop nhnipth a short dis- 
tance from the crater ami ihdr ceneml t)o>if|on is not distnrlxs!, 
whereas in iKniisn uU'vr' the nisn** radiate friun the crater witlwit 
intrmiplioii. 
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In lues the deforraitj, while resemblinj: that of carcinoma, is 
penerallv more irregular, and the patient’s condition is much better 
than would be expected with a carcinoma of similar extent. The 
delect is out of proportion to the sjTnptoms. 

The defects in adhesions and extragastric tumors are generally 
not constant in all positions, and stasis is usually absent. 



Diffuse infiltration of the 2>toniach wall occurs in scinhus car- 
cinoma, lues and linitis plastics. Tlie signs of infiltration are a 
smooth rigid outline with absence of peristalsis, and, as a rule, a 
contracted, rapidly-emptvdng stomach. 

Pyloric Carcinoma. — In well-establi-hetl cases, there is a <lefimte, 
funnel-shaped defect over whidi there is absence of peristalsis. 
If the pjiloric ring is involved it often becomes rigid, and the stomach 
mav empty rapidly. Dilatation is rardv prc'ent. In early cases 
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this ftumcl-shapctl defect may be much larger than the nctisal le'ion, 
as tiie result of associate<I spasm. For this reason, ninf the fact 
that the roentpen-ray exarnmatioii does not re%'eal evidem-e repard- 
inp the presence or ab«eiiec of extension of the prow th to the repioiial 
hmph plands, it is unwise to pre«liet from the roentpenolopieal 
findings alone the extent of the fe^ion in a given case of gastric 
carcinoma. 

Ulcer.— The recognition of an nicer dejwnds iiiK>n: (1) the pres- 
ence of a crater, wliich can Ik* li!le<l with hariimj and xisiializcfl or 
brought into pn»filc hs palpation; (2) the characteristit* <lcforniity 
of tlie nmcosal pattern; (3) localizet! tenderness; (I) the presence of 
a'-sociate<l spasm; (n) increasi* in pcristolds; and (b) the presence of 
stasis. In sonm cases spasm and stasis arc absent; stasis In'cnincs 
incret'nii/igjy important the closer the lesion lies to the p\l<iric ring. 
If it involves the ring and there is no stasis the Icsiojj is probably 
<lue to carcinoma or adhesions. Benlcn tilcvrs in\ cth ing the p.^ loriis 
are usually na.sooiatwl with stasis. 

rj«Ts may be proupcfl as foJJow.s; (J) »)urj)Ml; {2|in/Jijrnfi\L*; 
(3) penetrating; and (4) pcrforatinp. 

1. The muoosil t\iK* is generally lndicate«l by a small fleck of 
linrimn at the site of the lesion, and may or jnay not he nrctjinpanieil 
by hyjHTjmristal'is and stasis. There is often an ns>.^)ciat«s| cn- 
lantemcnt of the nipie alxnit the h-^ion. They arc e.asily u\ erlookwl. 

2. In the indurative fonn, then* is an are.i of infiltration usually 
seen on tlie h*s'Cr curvature, which, if extensive, may caU'C con- 
sidcnible shortening of this curvature. There is a break in jht- 
istalsis at the ?itc of the lesi«n. .\ crater tannot Ik* deinonstratisl 
but a ehamcteristic stellate muco'Sil jwitteni i-* pre^-nt. Spasm 
is not pn-K-nt, as a rule. When present it takes the fonn of local 
ineisiinr opposite the active ixjgea. Such ulcers after a time may 
cause irregularity of the grrnlrr nirvotun* from etmtmetion of K-ar 
tissue, tthicli extends out, to envelop the IkkIv of the ^tomnc•h. 

3. Penetrating ulcvrs have nil the J-ipis of the indurative tyjH* 
roontpenolt*gieally, but in addition there will Iw* seen a ina'S of 
linriuin projecting from the rigid area corresjninding in «ire and 
slLiiJe v\ith the crater <if the 1e<ion. .Mthough 'tirgirall.v they 
may !«? locatnl on the jKr.terii»r wall, they are genemllv oleenrd 
on the Ic'M r curvTVture during the n>entgen examination. In onler 
to visu.nlizp the?c h'sjoiis adrt|ualelv*, ob««T\alinri jn the lateral 
j>o*ition is iiecessarv'. Tliev* prolru-ums are to l>r dilTemitiatnl 
fftmi the dmsleno-jrjun.’il flexurr, wWHi oftni prt»px- 1 s ju-t alsive 
the I<-«»er turvature. llotating the itttieiit nin! nsjup'ting him In 
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take a deep breath, v.iU enable the e^miner to determine whether 
the mass is actuallj projecting from the gastric shadow, or independ- 
ent of it. 

4. In perforating ulcer, there is, in atidition to the signs of a 
penetrating ulcer, the presence of a gas bubble outside the stomach 
wall above the barium in the crater. 


Fig. 209. — Roentgenogram, showing lues of the stomach. 

Frequently a spontaneous pneumoperitoneum is the earliest 
evidence of acute perforation. Its detection requires only a brief 
Quoroscopic examination, whicli can be carried out w ithout prepara- 
tion and with little disturbance of the patient. It is only necessary 
to sit the patient upright !>efaind a fluoroscopic screen and look for 
the diagnostic thin crescents of air lieneath one or both leaves of the 
diaphragm. Perforating ulcers heal readily unrler medical treat- 
ment. It is not unusual to see a crater 1 cm. in diameter, disappear 
entirely in three neeks leaxing only a small area of rigidity on the 
lesser curvature, n Inch is pone in another tn o n eeks. 
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Syphilis.— The roentpeiioloRical appearance of sj-jiliilU is that of 
carcinoma, except that mottling of the barium mass aiul stasis arc 
uncommon in sj'philis. TJie extent of the lesion is out of proportion 
to the patient’s symptoms. The age of the patient, tlie history and 
the laboratory findings must 1)C rclieci upon for corrolmrative evi- 
dence. Proper treatment will cause an improvement in the sj-nijn 
toms, but a defect in the outline usually persists and may be seen 
years after a clinical cxire of the div?ase. 

Linitis Plastlca.—Linitis plastiea (leather-bottle stomach) is a 
fairly rare condition, and is usually <hic to a low grade of malig- 
nancy. The gastric wall is infiltrate«l by dense, fibrous ti>sue, which 
causes the .stomach to eontract to a small, rigid tulie lying high up 
under the liver, through w hteh the meal |>mir» in a few minutes. 

Lymphoblastoma.— Lymphoma of the gastro-iJitestina! tract may 
he a primary lesion or ]>art of a gencralizol proa-sj. The demnti- 
stratlon of multiple lesions in the ga'>tro-intestlnal tmet is not un- 
usual. In the stomach it presents an npjH*arntKv easily c*onfuse«I 
with carcinoma or polvpi. The lesions will dLsjjppear under care- 
fully given rwntgeri trcntniciit hut the<UngnoMs js »>s\mlly dcj)en<lent 
upon the demonstration of the disease elsewhere in the body. The 
earliest lesions, simple nuicosal in\*a.sions show as an increase in the 
size of the ruga*. The more extensive mtiet>sal and suhmucosnl 
tumors prwlucc a rigM-npjwariiig wall, or, if large enough, n filling 
defect. This defect is annular, diffuse, rugose, or polvjMi'C, ncconl* 
ing to the tj])e of the process, in these ix>i>ects closely resemhiing 
carcinomata am! ^^ol^■^^o^is. A (xmsiricrahle deformity of gastric 
contour may not interfere with the ]»as.«Bgr of the jK-ristahie ssase. 

Foreirn Bodies.—Ilatr-halls, mass<'s«f x-cgetahlefilnTsatid metallic 
articles an* oixusionally st^n in tlic stomach. Their location nmy 
he confinned hy; (1) changing the jK»sition of the patient; (2) 
inflating the stomach with air; and (3) making a routine gnxtro- 
int^-stinal examination. 

Hair or TiImt l»a!ls pri*x'iit a clmtaeteri'tie npjH-araiuv. The 
barium mixture adheri*s to llirm. thus outlining their strueture, and 
tliey are x bible for wune time after the meal has left the stomach. 

Polypi.— I*ol\7)l of the gastric wall areeompamtixely rare. Wlion 
demoiistmhle, they npjHMr as sinootli, routidol lioh*s in the hartiim 
shadow, which remain fsin*t»iit U|x»n change in tlie )H»-ition of the 
patient. Tlufc is in> interferro*'** with peri'tallic mo\ cim-nt. Tliey 
may iKsome impactisl in thcp\liirusiini! cause niarked of»»tnirt?<«ti, 
thus simulating a rarrinonia- 

Ptib pi mu'l lie di{Ten-ntiate«l fnun foreign material in the sionj. 
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acli, such as foocl-masses, and from evtragastric tumors. Their 
constancy , is the best diagnostic e^^de^«. 

There is a rare form of pobiw-'is in which an area of the gastric 
wall is occupied b\ a broad mass of hN-pertrophic tissue, whici 
causes a ragged defect, tisuallj along the greater cur\'ature in the 
middle third. 



Flo 210 — Fcdypoeis of Uw stomich. 


Oiverticala. — True di\erticula are rare. They are usually seen 
at the cardiac end, may be a centimeter or more in diameter and 
often contain residues after tbe stomach is empty. They cause mild 
atj-pical sjmptoms, or none at all. 

CiapbTagixiatic Hernia.— In children, due to congenital defects in 
the diaphragm, various parts of the stomach and intestinal tract 
may be found in cither side of the cb«t. In adults a portion of the 
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stoniacli inaj protrude tlirouph the left diapliraj'in as the result of 
trauma, which has cau-^l tears, in the muscle or separation of its 
attachment from the chest wall. Bullet or stni) wounds may ])ro- 
<lnc-e an opcninR in the dome throu;!h which the stomach or intestine 
may be force<l. In older indixiduals it is not uncommon to find 
varying deprcfs of herniation of the cardiac eiu! <if the stomach 
throu;»h the esojihaceal opeiiinjj, A locahVal backwnnj curvature 
of the low er few inches of the esophagus shoulil lead to the suspicion 



I'lo 311. — tIrrnU of ranlia,* rti4 nl tinmich itmucti Ui* Nnlc 

lA lh<“ low*’? 

of hernintioii. (*nivful e^.•lminJlli^m in the supine and pnnie i>o'i* 
tioris will determine tlie dia^mv-is. Tlu-'e jKiTients fiften ei\e n 
history MJc^i'stins ehnmie iiln r atitl they may ha\ e nn nnenili fn»m 
chronic slisht hleislim;. 

PestopffJtJTe Sioni»clj.~'nie •^iiMnaeh after j:asfn>-en}tri»*f«iijt i» 
jn-iierally Mimller and higher than the nomiat stmintln It ^nptie' 
rapMly, «s a rule, nlthoiigh the rmpl\ifc*tmie de^K^ld'^ s»,mnvj}3! 
ni>nn the «ire arid jxeifhMi of tlie ‘•tonnt- 'llien' is little jwri'tabi' 
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visible. \Mien present, it usually passes over the entire lower part 
of the stomach to the pylorus, where it forces some of the barium 
mixture through, unless the pylorus has been closed by either opera- 
tion or disease. The stoma is best seen when only a small amount of 
viscous barium mixture has been administered and carefully mas- 
saged through the stomach into the jejunum. It may be nccessaiy 
to turn the patient obliquely for the best xdew of the stoma. 

riceration in the region of the stoma may be difhailt to demon- 
strate. If an ulcer crater can be outlined and recorded on spot films 
the diagnosis is certain but in some cases this is not possible and 
the condition must he inferred from indirect e\-idence and the 
histor> , a localized area of tenderness, increasetl peristabis and 
stasis in the stomach. 

Flstube involving the stomach, jejunum and colon are l>est 
demonstrated by an enema. Barium runs back into the stomach 
from a distended colon much more readily than it goes in the oppo- 
site direction. 

Hypertrophic Pyloric Stencria may occur in adults as well as in 
children. In infants there is gastric stasis. A residue beyond four 
hours in the absence of other palholc^’ b the usual finding. The 
pylorus and <!uodemim are not well seen in infants, so no defects 
are to be expected. In adults, howeAer, m addition to a residue 
bej ond sishours, w e find a pyloric ring two or three times the normal 
thickness, and usually an Indentation on the base of the duodenal 
cap. 

THE DOODENTJM. 

The normal first portion of the duodenum presents a smooth, 
rounded, triangular shadow, which is connected with the stomach 
shadow by a thin line of barium mixture in the pyloric canal when 
the sphincter is open. Its relation to the stomach, gall-bladder 
and liver varies with the tjiw and the position of the patient, and 
with the size and shape of the stomadi and liver. 

Tlie duodenum has a peristalsis of its own, and its filling and 
emptying are controlled both by the pyloric sphincter and the 
constrictive action of the junction of the first and second portions. 

The rapidity with which the first portion of the duodenum fills 
depends upon the tone of the pylorus. This is influenced by the 
type of food in the stomach, the amount of food in tlic ileum and 
the general nervous tone of the patient. Reflex disturbances from 
gall-blad»ler. kidney, appendix or other alxlominal vbccra may 
cause marked py loro-spasm. In hunger, achylia, gastric malig- 
nancy or gall-bladder disease, the entire duodenum may fill rapidly. 
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If there is dcla\ in fillinp the first portion of the diio<icnimi <hirinR 
the routine examination, the administration of a mint wafer or a 
ctmvcrsation abotit the patient's favorite foo<ls will tJsnally cnn«e 
relaxation of the pxlonis. 
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The duodenum may be considerably' enlarged in atonic individ- 
uals. Enlargement may also occur as a result of adhesions or bands 
about the duodenum, and ulcer of the second portion. It may be 
contracted as a result of spasm, scar tissue in the wall, or adhesions. 
Defects in the outline of the duodenum may be due to pressure, 
as, for example, the smooth, rounded depression caused by the 
gall-bladder, and the small indentation on the inner margin caused 
by the bile duct. Scars and the spasm from ulcers cause irregular 
deformities, which produce the familiar coral-shaped shadow 
Rarely, as the result of perforation of a duodenal ulcer, there may 
be a pocket filled with barium cither between the duodenum and 
the li\er, or betn-een the duodenum and the colon. In some cases 
of perforation free gas may be demonstrated in theperitoneal ca^•ity 
above the liver. Adhesions generally produce slight irregularities. 
Spasm may produce extensive changes In the shape of the duodenal 
bulb. 

Ulcer.— llie signs of ulcex are: (1) deformities in the outline of 
the duodenal bulb; (2) the presence of a small fleck of barium in 
the crater; (3) changes in the mucosal pattern; (4) changes in 
motility ; (5) changes in gastric peristalsis. 

The deformity of outline must be differentiated from that pro- 
duced by spasm of extrinsic origin. The deformity of ulcer is con- 
stant, nhereas that due to spasm will vary, or disappear entirely, 
upon different c-xaminations. It is probable that a part of the 
deformity observed in duodenal ulcer is due to the local spasm 
accomp.'inying the lesion. The roost definite evidence of ulcer 
is the demonstration of a niche. The presence of a small, round 
mass of barium 1 or 2 inra. in diameter jirojecting from an area of 
infiltration on the margin, or showing through the general outline 
with pressure, is diagnostic. 

There is a tendency for the mucosal pattern to assume a 
stellate appearance and the puckering of the folds may indicate 
the location of the crater. If no fleck is found in such a case 
it is usually safe to assume that the ulcer is healerl. In cases 
where palpation is dangerous or difficult, ulcers about the pylorus 
may he weh ^isnaVized with tlie patient supine and the right 
si<le ele\ate<l, so that air in the stomach will occupy the region of 
the antrum and the duodenal Imlb. Tliis will permit the demonstra- 
tion of the mucosal pattern in this area without the necessity of 
manipulation. 

Increased gastric peristalsis is an almost invariable accompani- 
ment of duodenal ulcer. The emptying-time of the stomach will 
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depend upon the size and position of the lesion, and the amount 
of obstruction causcfl h'y it, \Mien the ulcer is small and well 
above the pyloric rin?, the emptying-time may be shortcneil. 
Large ulcers, or ulcers involving the pyloric ring, are generally 
accompanied by gastric stash. 

Adhesions ma\ produce Might irregularities in the «»p which are 
not constant with change in ^voMtion tA the jvalient. (■on^t^iction 
bands may be found annvhercin thccoar>cof the duodenum. The\ 
may cause a dilatation and a dclav in motility witli pendulum-like 
movements of ma-sse-. of Iwrinm in the -ccond and thini i>ortioii< 
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Tliin, atonic indniduals, more often women, with a low raesenterj* 
and stomach, may show delay and dilatation in the second portion 
of the duodenum, due to pressure from the root of the mesenteiy’ 
across the third portion, Tvhieh disappears when the patient lies 
face down. Nausea is usually associated with dilatation and delay 
in the second portion of the duodenum. 



Fio 215 — Duodenal ul<«r oS the type simulated by spasm. 


Diverticula of the duodenum are seen occasionally. They appear 
as rounded masses in close pro^mitj' to the duodenum. They may 
uieasure scteral centiindcTs in diometer nnd tonloin lariwn rcwJwpa 
long after ike adjacent inicsihie is empty. The presence of mucosal 
folds within the diverticula sigiufies that they are of congenital 
oriptn. 

Fistulfe between the duodenum and the gall-bladder have been 
demonstrated, and in rare cases Oietiarium meal may outline an 
enlarged common duct. 
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rnrcinoiiia of the fhiotlenum occurs by extension from the siir- 
roiindinp orpans, most cotntnoiily the bile (itietd. It rarely arises 
from the intestinal muco«a. In either cas; the roentpen np}H“arance 
is tlic same, 'llicre are annular or irreptslar ilcfects. Cavities may 
develop uithin them uhich eommunicate with the himrn an<l pi\c 
shndoas reseiiiblinp diverticula. 

THE JEJUNUM AND HXUM. 

The jejunum normally ap|iears as coils of fine, feathery /lakes, 
due to the raj>i«lit.\ of the jms<ape of the meal throiiph it. It is 
ne^ cr n ell filial except in patholopieal cowlitions, the most etmnwn 
of w Inch arc peritonitis (acute or ehronie) and ob'tniction. 

A tumor sufficient to cause obstruction as a rule, palpable. 
In peritonitis and obstruction, the floccJilent appearance ili'apjH’ars. 
and the coils are dilatctl. Gastrsv-jejiinal ulcer njay ocnir follow inp 
apastrtM?ntcrO'tomy. Thediapnosisisbastsl uikjh: (1) a jxrrsistcnt 
irrepularityof outline (often difficult to visualire) in the repion of 
the stomai (2) a localue*! tenderness user the .stoma; (•'/) a chaiipc 
in pa'tric peristabN; (•!) a pastric residue Ixwonrl the slx.hour 
at»<( (o) demonstration of n fleck at the site of the ulcer. 
This fleck Is often In-st <Icmonstmt<sl by palpation tnider the fluortv* 
*copic screen after the admini'^tration of a small barium meal. 
The ulcer is often locatwl some dbtamv l»rlow the 'toma and, unlrK-, 
enrcfully looknl for. Is easily ini^ol. 

Steatonhea.— In a few cases vhossinp defieient fat dipC'tion and 
peneral rarefaction of the iKines, a strikinp thanpe has l)tfn soim in 
the duodenum anil jejumun. The int»''tjnc los**s its ffinp.v luarpin 
and the barium colk-cts in larpc. smooth lumps, suppr^tinp colon 
nmsvs. Anemia, skin lenions and an atony of the colon nmy lx- 
associatesl with the jirtHT^s, 

Sprue.— Spnic is a somewhat similar sxmdition usuallv set*n in iiuli- 
\ iduals who h.s\e siK*nt some time in the trojues. The jejumim hv^es 
its sharp fralhery outline, l»ccouieof etiema of the tiiuciius inrm* 
bratie. Tlitre is a peneral irrifabinty of the «m.sll intp'tine ami the 
linrium tends to collert in isolatnl masses in atljoininp loops «>( the 
intistinc. Tliere js no elianpi* in the rate of pa«sape of the jncal. 
Severe cnM-s may Ik* nilitakrn for repional ileitis. 

nic normal ileum ap|KTirs as a roll of inU“-line containinp dnJ'C 
tnas'<-s of barium lynp low In the iwbis, with a l<w)j» evtendinp 
tipwanl and tmninalinp in tin* cectim. (hsinp to it* dejith in the 
IK-lvi-*. p.aljKttion is tinsali*factft»y r\»ri>t In its tenninal i«oftiorj. 
It is «.mor)lh in outline, with t»Hj»tantly rlianpinp transverse o»rr- 
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outline and either dilatation or contraction of the affected portion. 
^\ith dela\ in the passage of the meal through it. 

Fistula into the ascending colon or sigmoid may occur. 

Tenia maj cause marked irritability of the ileum and in a few 
cases the diagnosis of an ascaris infection has been made from defects 
in the barium shadow made by the worms or from an opaque residue 
in the parasites after the intestine has emptied. 



Fig 31S.— Regional tlcitis CcHigenitstlj' high position of the cceum. Ileocecal 
Talve indicated by the #m>w. The cecum u also invoU-ed in the process. 

Multiple diterticula ha\e been demonstrated on the jejunum 
and ileum. As is the case with dircrticula elsewhere, they are often 
best recognized by the residue remaining in them after tlie intestine 
is empty. Meckel’s diverticulum is a small pouch 2 or 3 feet abot e 
the ileocecal %al\e, which is of significance as a possible cause of 
obstruction or unevplainerl bleeding but is ver\ rarely demonstrated. 
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THE APPENDIX. 

The normal opiwndix h Renctally vijltilc nt some time (hirinp a 
Kastro-intcstirinl examination, and it may lie seen to fill and empty. 
It should not remain fillwl aficp the cccum has emptied. It is freely 
mo\ aide and not tcmler. It may present one or more constrictions 
'\hich are without sipnificance. 

The evidence of acute disease of the appendix is; (1) marked 
local tenderness; (2) absent or incomplete fillinp; (.'!) delay in the 
ileum; (4) spasm of the p>loms and ilnodonum. 

In the snbacnite stnpe it may fill irrcptilarly and contain a residue 
after the cecum is empty, or it may remain unfilled. There is usually 
moderate local tcnticrucss and reflex disturhance of the pylorus Is 
apt to he present. If nn ohsoess has formed about it, there uill 
be a ^•arj.’inp amount of flcformity in the cccum anfl a mass may be 
felt corresjKindinp to tlic defect. In the so>caIled "chronic appen- 
dix," xv here infection has come and gone, there maybe nocx’idence 
of the process other than fixation nn<l a failure to empty. An 
appendix which retains barium several days after the ascending 
colon has emptied is a potential source of trouble. Stones or other 
foreign iKxliea may occur in the appendix and be mistaken for ure- 
teral calcid). 

THE CECUM. 

The nonna! cecum is smootli, with transverse constrictions. It 
is freely movable lK>th vertically ami laterally, and it varies grcat!.v 
in size, position and mobility. In onler to identify it, a filled termi- 
nal ileum is often necessary. The cecim* may be dilated in cases 
of obstruction in the distal colon, and in spastic constipation. In 
cases of c.xtcnsive adhesions, and cengenitaj anomalies, it may be 
contracted. 

Changes in outline (dcinonstrateil best by enema) may be due 
to adhesions, fecal masses, carcinoma, inflammatory changes or 
intussusception. A diseased appendix with abscess formation may 
produce a filling defect resembling that of carcinoma. However, a 
careful obscrx’ation will generally show the process to be outside 
the cecum. 

Carcinomata and otlier malignant tumors of the cecum generally 
show an annular, mottled, irregular filling defect, which is constant 
upon repeated examinations. It is easily overlooked unless the 
e.vamin.'ition is made wdtli an opaque enema. Tfie defect may 
be slight, or it may obstruct the cecum to such an extent that 
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verj- little of the barium mbrture can be injected. In this tj^pe there 
is, as a rule, considerable dilatation and stasis in the terminal ileum. 
The observation made tnentj'-four hours after the administration 
of the barium meal may be of more value than one follo'\'ing a 
barium enema. 

The ulcerative tj’pe of tuberculosis of the cecum produces local 
irritation, so that the barium meal or enema does not remain at tbe 
site of the lesion. A typical finding is stasis in the ileum and an 
empty ascending colon at twenty-four hours. An enema reveals 
either defects in outline, or failure to fill at the site of the lesion. 
The normal mucosal pattern is lost. When the lesion is of the 
indurative tj^pe the appearance resembles that seen in cardnoroa, 
but unlike carcinoma the process usually e.ttends into tbe tennina! 
ileum. 



Intussusception prcnlucea a cliaracteristic appearance when a 
liaMiim pppm?! pn . ... 
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lie w ithin the ascending colon or extend into the descending portion. 
Tlie distal end is rounded, producing a cujvshaped depression in 
the ■shadow of the opaque material in the colon. Multiple fine 
streaks of barium encircle the dilated ileum. With careful manipu- 
lation under fluoroscopic control, some of these invaginations may 
be reduced. 

The normal cecum is never enijity when barium is present in 
Ijoth the ileum and the ascending colon. Any colon sufficiently 
filled by enema will overflow into the'terminal ileum. 

THE COtON. 

The colon varies in size and In position from hour to hour, and it 
also varies in different Individuals. The outline is smooth and 
shows the usual haustral segmentations. Normally, the meal 
reaches the splenic flexure within twelve to eighteen hours, and 
the colon is entirely empty nithin twenty-four to seventy-two 
hours. 

The movements of the colon are: (1) haustral churning, i. e., 
formation and reformation of haustral contractions; (2) antiperis- 
talsis, which begins as a contraction ring at about one-third of 
the dbtance between the hepatic and splenic flexures and runs 
slouly backward to the cecum; (3) pendulum-like movements of 
large masses uhich move to and fro through short distances; and 
(4) rapid mass movement through a considerable portion of the 
colon with disappearance of haustral markings. 

In outlining the colon by enema, it takes a few minutes to com- 
plete the filling of the rectum and sigmoid, after which the fluid 
passes readily to tlie cecum. As the pelvic loop of the sigmoid 
<iistends, it should rise well out of the pelvis. If it fails to rise, 
adhesions should be suspected. 

Anatomical Variations. — There is wide vaejathn in the size, shape 
and position of the colon, and of its Various portions. There may 
be a complete transposition of the viscera; the ascending colon 
be incompletely developed; the cecum may lie high in the region of 
the gall-bladder; and the hepatic flexure may he seen in front of and 
even above the liver. 

The sigmoid, in addition to extreme variations in length, may 
have either a short or a relativel}' long mesentery; and, for this 
reason, its position in the abdomen is subject to wide variation. 
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Changes in S/ce.— The colon may be dilated as a result of mal- 
formations, obstruction from congenital bands or tumors or an 
overactive sympathetic nen-ous system. The lumen of the trans- 
verse and descending portions is uniformly diminished in spastic 
constipation. In general it may be said that the length and size 
of the c-olon is an index of the balance lietween the vagus and sym- 
pathetic systems. ^\‘hen the former prevails, the colon is short and 
narrow. A preponderance of the sympathetic element produces 
a redundant, atonic colon 

Changes in Porihon.— Changes in position are not important 
unless they cause obstruction. A long sigmoid loop may lie almost 
anjTN here in the abdomen, or the transverse colon may be found low 
in the peUds without the patient suffering any ill effects. In the 
normal mdividual. in the upright position the flexures do not ordin- 
arily drop below the iliac crests. 

Changes in Outline— In the obser\-ations follow ing a barium meal, 
the colon often presents irregular defects due to the presence of 
fecal matter. If disease of the colon is suspected, an examina- 
tion by means of an opaque enema should be made. The most 
common defects noted in the colon are the annular, ragged, funnel- 
shaped deformities due to carcinoma, and the constrictions caused 
b.\ bands of adhesions. Multiple, small bud-like masses are some- 
times seen along the margins of the colon, particularly in its descend- 
ing portion. They represent barium-filled diverticula, and a certain 
amount of irritability and segmentation usually accompanies them. 
It has been noted that there is a complete absence of segmentation 
in se^ ere cases of colitis, '^’here irritative lesions are present in and 
about the colon the haustral markings are apt to be fine, irregular 
in depth and close together. General spasm is e\'idenccd b%' a 
narrow colon, partiailarly m the descending portion, with broad and 
widely-spaced segmental markings. 

Changes in .Vofi7ify.— Decreased empt\ing-time occurs in achylia, 
in conditions which produce a rigid Incompetent pjlorus and in 
coUtU. locreased or TOrstijjatbn.aT^peaTs in ihree 

forms: spastic, atonic, and rectal. 

1. The spastic tj-pe is the result of increa'sed %agal tone. It in- 
volves mainly the trans^ erse and descending colon and is show n by 
a diminution In the size of the lumen, and changes in haustral seg- 
mentations which become fewer in number and increased in width. 
The delay in these cases maj l)e extreme, barium remaining in the 
colon as long as a w eek after the meal. 
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2. 'ITic atonic t\pc is characterizol Iiy a latf'c, redundant flabby 
colon. It is less common than the spastic variety. The most severe 
forms arc seen in asthenic states here there is a general loss of tone. 

There Is, of course, more or less delay in cases of obstruction due 
to adhesions or tumors. In acute intestinal obstruction, films of 
thea}>domcnshoijl<Ibeobtainfyl before the administration of barium. 
These films s\ill often reveal coils of pas-dilated intestine, which, 
by their character and position, itctcnnine the site of the lesion. 
If the small intestine is affcctwl. the coils lie mainly transversely and 
occupy the left three-fourths of the alxfomcn. Their margins 
present the fine markings characteristic of the small intestine. If 
the colon is involved, the coils arc larger, and smoother with few 
haustral segmentations ami Ihc 3 ' He on both sides of the abdomen. 
If the obstruction is low in the colon markcil distention of the cecum 
is to be expected. The dilatatioji generally ends abruptly at the 
point of obstruction. 

Carcinoma.— The early diagnosis of carcinoma of the colon is 
diinctilt. Unless the examination is made by enema, as well as 
by the barium meal, the lesion may be overlooke<l. 

Care should be taken in the preparation of the patient for the 
examination by enema. The large bowel should be cleansed of 
fecal matter. This is best accoinpHshed by a cleansing enema of 
norma! salt solution. Irritating substances must not be used. This 
cleansing enema, should be given tw o or three hours before beginning 
the lurium e.tamination, and an effort made to have it well evacu- 
ated. If there is any question of obstruction, the e.xamination bj' 
enema should prccetle barium by mouth. In these cases, the admin- 
istration of barium by mouth might produce a complete obstruction. 

The amount of the opaque enema should be sufficientJi* large to 
fill the entire bowel— about 1 to 2 quarts. The mixture should be 
warmed to body temperature. It should contain a sufficient amount 
of barium to produce a shadow of go«l contrast, but not enough 
to interfere with its free passage through the rectal tube. A mix- 
ture of barium water anti petrolagar of about the consistency' of thin 
cream is quite satisfactory. 

The gravity method of atlroinistering the opaque enema is the 
most satisfactory. The exaraination should begin w'ith the patient 
face down upon the fluoroscopic table, and the entire filling 
should be obsert'ed carefully', tumii^ the patient from side to side 
during the progress of the enema to separate loops and bring as 
much of the wall into profile as possible. Films should be obtained 
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either during the examination or after the filling is complete, w hich- 
e% er the fluoroscopic findings suggest. The fluoroscopic examination 
is es‘5ential, for the films alone may be misleading. The bowel 
roaj be emptied by lowering the container and permitting the mix- 
ture to flow back into it. In this waj the manner in which the colon 
empties max he observed on the fluotoscope or the patient is 



Fio. 220 —Carcinoma of the cokm at A. On the opposite side, there is a 

narromcg of the gut. due to spasm. 


allow c<l to evacuate the enema, after which the patient is fluoro- 
scoped and films made. 

For the demonstration of polt-p^ and small lesions, it is often 
helpful to fill the colon with air idter the harivim has been evaextated. 

Xormally, the colon dilates coiKiderably during the first part 
of the injection. There isadelax in the lower sigmoid, at the splenic 
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and hepatic flexures, and ^\here^e^ sharp angulation occurs. Delaj 
ma\ also be due to the presence of: (1) gas; (2) fecal matter, or 
(3) obstruction to the free flow of the mixture from the container. 

When organic obstruction (either benign or malignant) is present, 
the portion of the gut below the obstruction dilates to an abnonnal 
size. This is particularly true of the rectum. There is a definite 
delay in the passage of the enema he.iond the lesion. Unusual 
spasm may be observed in the filletl portion, and the patient com- 
plains of pain and difficulty in retaining the enema. 

Carcinoma of the colon differs from other forms of obstruction 
in the character of the shadow cast hji' the obiitnicted area; also by 
the amount of pain and the difficulty in retaining the enema, which 
are out of proportion to the amount of obstruction. The shadow 
of the involved area maj l)o 2 or 3 inches in length. The defect is 
irregular in outline, usually annular, and the relief pattern of the 
mucosa is replaced b\ an irregular mottled appearance characteristic 
of carcinoma elsewhere in the intestinal tract. Strictures of inflam- 
matory origin are more sharply defineil, and do not present mot- 
tling. Spasm of the colon may simulate carcinoma, but in spasm 
the deformity is not constant and there is little, if any, obstruction 
to the passage of the enema. When the lesion is in the cecum, the 
enema may pass directly into the ileum without filling the cecum, 
fn this case the barium mixture in the area of the cecum appears 
as a ragged, mottled shadow. 

Carcinomata of the colon which do not invade the lumen maj be 
overlooked unless an exaimnation is made after evacuation when 
defects in the mucosal pattern may be e\ident. Multiple lesions 
are rarely due to carcinoma. 

Diverticula of the Coloa. — This condition is more common than 
is generally supposed, and is probably frequently overlooked in the 
routine gastro-intestinal examinations. The diverticula are gen- 
erally best demonstrated by repeated examinations following the 
oral administration of barium, although in some cases the picture 
after the injection of a barium enema is more characteristic. 

Diverticula appear as bud-Iifce masses projecting from the 
lumen of the colon. They may appear in any part of the bowel, 
hut are more commonly seen in the distal portion. Tiiey fre- 
quently retain the barium mixture for dajs or weeks. When the 
colon is filltxl with the hariuin mass, t?«c\ may he completely ol>- 
securcil by its shadow. For this rea*on, in cases where diverticula 
are suspected, the colon should lie obscrvwl after it lias hatl sufficient 
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timetoemptj (up to twenty-four or forty-eight hours). The residue 
remaining in the di\ erticula may then appear as small, dense masses 
scattered along the course of the colon. 

Chronic ulcerative colitis produces a rigid tube-like transverse 
and descending colon with no rign of liaustration. This must not 
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iiMialh 2 to 3 inin. in dinmeter, and the colon is narrow and rigid. 
(Fig 222.) 

Pol\p-> limy he found in an\ part of the colon hut are common 
in tlic descending colon or sigmoid, 'fhey appear as rounded tr.ans- 
parent areas in the harium or aslobiilatcil caiiliflowcr-like impres- 
sions They arc he&t ilemonstmtMl hy inflating the colon with air 
after a tenarions harium enema has heen e\aciiated. 



JYo. 222,— OTcet*tire eolith. 


A th’fTuse polv^posis of the colon is sonieticoes seen in early life. 
The barium shadow is coarsely mottled throughout the greater 
portion of the colon, producing a characteristic picture. The condi- 
tion is associated with recurring attacks of diarrhea and hemorrhage. 
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It should be remembered that multiple defects in the colon are 
rarely due to carcinoma. They may be caused by 1%'mphoma. 
poljps, amcpbic granuloraata or peridiverticular inflammation. 

Volvulus. — A long sigmoid may rotate upon its mesentery suffi- 
eient!\ to cause a complete obstruction of a localized loop which 
becomes greatly dilated. It usually occupies the loucr central por- 
tion of the alxlomen. 

THE RECTUM. 

The rectum appears as a smooth S-shape<l shadow occupying a 
considerable portion of the pelvis. Defects In outline, when due to 
carcinoma, present the ragged, annular deformity characteristic of 
the disease. Ulceration due to lues, granuloma inguinale or tubercu- 
lous maj produce more or les» Infiltration of the wall, in which case 
the wall becomes rigid, and tbediametcrof the intestine is diminished 
rather uniformly throughout the area of the lesion. Pre3-.ure from 
inflammatoFA* masses or tumor in the pelvis may either deform or dis- 
place the rectal shadow. 

THE LIVER. 

The User Ia seen as a triangular, mass filling the right upper quad- 
rant. Xormallj it is of a homogeneous density, except when ob- 
sciu-ed by intestinal shadow s. The hepatic flexure in some instances 
appears to lie upon the upper surface of the liver and may be par- 
tially filled w ith gas. Gas bubbles within the substance of the liver, 
with fluid levels below them, occur in ab>ce<«cs due to a gas-forming 
organism. If gas bubbles are not present, the only evidence of 
abscess is an increase in size. 

Echinococcus eli*ease may cause great enlargement of one or 
more lobc^ of the Ii\ er. Occasionally a c\ st w ill show thinly calafiecl 
walls. The liver is al-o increa'ed in size in cirrhosis and in meta- 
static malignant di'ea«e. It is reduce*! in size in cirrhosis and acute 
vellow atrophy. 

THE SPLEEN. 

The spleen is fairly well seen when surrounded by the gas-filletl 
stomach and intestine. In cases where its outline is not clear, infla- 
tion of tlie stomach and colon with air w ill demonstrate its size and 
shape. Enlargements are usually quite evident and they carry the 
splenic flexure of the colon downward and inward. Small calcified 
spots scatteretl through the sub-ntauce of the spleen are occasionally 
seen. Tliese are due to heated fori of tnl>ercuIo»is or to calcified 
thrombi. 

Tlie liver, spleen and the recticulo-emlothelial svstem may be 
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well outlined by the intravenous injection of colloidal thorium, 
but this procedure carries the possibility' of a future aplastic anemia, 
due to the radio-activity of the thorium. 

THE GALL-BLADDES. 

GaU-atones may be visualized if they contain a suffiaent amount 
of calduin salts, which, unfortimately, b true in only a small per- 
centage of the cases. They appear as single or multiple shadows, 
whidi may be either the typical faint ring, a dense homogeneous 
mass, or a mottled area of density due to many small stones padced 
together. 

Gall-bladder diagnosb has been revolutionized by the Graham 
method of \'bualization. The iodized dye b given intravenously 
as recommended by the originator, or intra-orally in capsules or 
emulsioo. Tlie results seem equally satisfactory with both methods. 
The important point with either b to male sure that the patient 
takes DO food after the dye b given until the fir^ films hare been 
made. The gall-bladder b tisible five or sii hours after the dye b 
administered and becomes increasingly dense up to fifteen to 
eighteen hours. A common teiinic b to give the dye orally after 
dinner and take filmit the following morning at nine and eleven, the 
patient receiving no breakfast. He b then instructed to eat a lunch 
with considerable fat. and a third set of films b made at 1 pji. In 
thb way two oliseivatioas of the filled gall-bladder and one par- 
tially emptied are a^wilable, giving sufficient information upon 
which to lose an opuiioa. Smrie films following the dye are cot 
enough. If the gall-hladderb not visualized, a second dose of dye b 
pven the following lught and further films secured the neat day. 
If no shadow b obtained after two such eaamlnations, one may be 
reasonably sure that the gall-bladder b diseased, the cystic duct 
occluded, or the fiver seriously damaged. 

By employing an Vomer of tetraiwlo-phenolphthalein intra- 
venously and testing the blood coloriuietrically the liver function 
may be estimated at the same time. The fact that a gall-bladder 
shadow b obtained does not esdu«le the pre^rcnce of cholecystitis. 
Between 10 and 20 per cent of wdl v-bualized gall-bladders may be 
infectol, but usually the disease b not of sufficient degree to wa r ra nt 
oj>erati\e interference. 

The only contrairultcation to the u-e of the dye in an ofrstruc- 
the jaurxlice of high degree. 

20 



FlQ. 223.— Thu plate abowa a fairij tT^cal group of gali-atope ahadowa 



FlO. 234 —Normal gall-bUdder made TisiUe the ingestion of tetraiodophenot- 
(ditbalnn. 
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Tlie normal gall-bladder is fairl\' well seen at fifteen hours. It 
ma> be located anj-v-here from the costal margin to the top of the 
sacrum. It may overlie the lumbar spine or be concealed by dye 
contained in the ascending colon. Repeated films from various 
angles may be necessary at this first \T5it. At seventeen hours the 
shadow is somewhat better defined and of about the same size. 
After food it should contract to about one-half its pre\‘ious size or 
disappear entirely. Gall-bladder function is closely’ related to that 
of the stomach or duodenum. IMien there is delay in the emptying 
time of the stomach, gall-bladder emptying may be similarly slowed 
or absent. 

One occasionally sees a gall-bladder with the tip curled up and a 
constriction across the junction between the tip and the body*. This 
appearance is not due to the presence of adhesions but to a fold of 
mucous membrane w ithin the gall-bladder. It is probably a develop- 
mental anomaly. Haziness of the fundus may be present after 
choleej stotomy. 

The pathological gall-bladder usually fills faintly* or not at all. 
It may be fairly-well \isualized and fail to contract after food. 
Some cases fill and empty’ in a perfectly normal manner. However, 
the majority of tl\ese are not sufficiently pathological to require 
surgery. 

If a gall-bladder falls to fill, it is wise to repeat the obser\’atlon 
before radical treatment is undertaken. 

Small benign tumors within the gall-bladder may be mistaken 
for stones. They are best seen on the films taken after the fat 
meal. Fapillomata produce small rounded defects in the sliadow 
less than 5 mm. in diameter usually found along the lateral wall. 
■\^^len multiple they are w ell separated and never grouped together. 
Adenomata are larger (8 mm. or more in diameter) and they 
occur at the fundus. Defects due to these growths are unchanged 
in position throughout the evamination. In a few cases films of 
the patient upright have shown a layer of small light stones floating 
on a level of hea^’y dye beneath them. 

Cysts. — Cysts in the abdominal cavity may be urogenital, lymph- 
atic or hydatid. The first group occurs in or about the kidneys, 
behind the colon or in the 7 )ehis, lymphatic cysts are usually found 
near the root of the mesentery atul hydatids may he seen anywhere, 
more commonly in or near the liver. 

Pnenmoperitoneum.—Iiiflation of the peritoneal ca\'ity with 
air or gas is a spectacular way of demonstrating the abdominal 
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viscera and, in selected cases, this method has a definite place in 
roentgenology. The liver, spleen, kidneys and frequently the 
pelvic viscera are brought out with startling clarity. It is particu- 
larly useful for the demonstration of a<lhesions to the abdominal 
wall, the relation of tumor masses to the abdominal viscera and 
the visualization of the subdiaphragmatic space. 


BIBHOGRAPIIY. 

Avdbews Etiology of Gail Stones, ArcA Surg . 25. 706. 1932. 

Aksklcnd, Ak£ Diverticulum of Stomach. Acta Radioi , 2. 476, 1923. 

C. Studies of Jnner Surface of Slomacb, Acta Radiol , 3. 160, 1024 
Bahciat, a E.. Function of Musctea of Stomach. Am Jour. Roentgenol , 9. 792. 
1922. 

Braus, W. a , and Msyes, K. A. Gastoc Syphilis, Surg., Gynec and Obst , 37, 
127, 1923. 

Bhown, L , and Sauwov, H. L Early Roentgen Diagnosis of Ulcerative Tuber- 
culous Colitis, Am Jour. Roentgenol , 8. 625, 1919 
BvxEawAm, W H, A Chmesi and Patbologiea) Study pf Ibe Carcinomatous 
Gastric Ulcer With Particular Grading of Malignaucy, West Jour Surg , Obst. 
and Gynec , Monograph from November. 1930. to December. 1931. 

Case, J. T,* PneumoperUoneutn, Review of Throe Years' Work, Am Jour. Roent- 
genol , 8. 714, 1921. 

Claebbev' Roentgen Diagnosis of Echinococcio Tumors, Study. Acta Radiol, 
Suppl., 6, 1, 1926. 

Cbamx, a, W,' Ulcer and Carcinoma of Duodenum Below the Bulb, Am Jour. 
Roentgenol , 9. 102, 1922 

CsoB'c, B, B , GiNZBUROK, L , and Oppevreiuer, G D . Reponal Ileitis, Jour. 
Am. Med Assn , 99. 1223. 1932 

Cnoair, B. D , and Roscvae, B D. A Combined Form of lleilia and Colitis, Jour. 
Am. Med. Assn.. 106. I, 1936. 

Does. H P.: Organic Hour-glass Siomarh, Am Jour Roratgenol , 11. 07, 1924. 
Emekt, E, S.. Diverticula of Stomach, Am Jour. Roentgenol > 11. 351. 1924. 
Erdmak*? and Monnis Polyposis of the Coloo, Surg , Gynec. and Obst , 40, 460, 
1925. 

Edbtxbuak, G. B , and Sentt. E. O Benign Tumors of Stomach. Surg , Gynec, 
and Obst , 34, 5. 1922. 

FoBsELn, G . ROotgeiioIogie des Alagens und I>srniM, Stockbolai. 

Fowler, W.F.: Benign Gastric Ulcer in Syphilis, Surg , Gynec , and Obst., 32. 419. 
1921. 

Goldev, Rosa- Observations on Small Inleetinol Physiolonr in the Presence of 
Calci&ed Mesenteric Lsrmph Nodes, Am. Jour. Roentgenol., 35, 316, 1936 
CsABAir, Cole and Coprer: Visuatisatioa of the Gall-bladder by Sodium Tetra- 
bromphenolphthalein. Jour. Am. Med Assn , 82, 1777, 1924; 84. 14. 1175, 1925. 
Houits. G. W., and HAUrrov, A. O.* The Importance of Locaiion in the Differen- 
tial Diagnosis of Benign and .31alignan( Gastrie L'Icerationa, Sew England Jour. 
Med. 208, 971, 1933. 

noutes. G. tV„ and SciiArzKr, It.: Esaniiiiation of (he Muroaal Relief as a Diag- 
nostic Aid in Diseases of (he Gastro-intestinal Tract, Am Jour. Roentgenol., 34, 
145. 1935. 

IIouAhS, J.: Congenital Transduodcnal Banda. Boston Med. and Surg Jour., 175, 
665. 1910. 

I>Brr, I. H., and Rapt. H. If.; Inchienoeof Cbral and Pulmonsr}' Tuberculosis, 
Am. Jour. Med Sci.. 164, 115. 1932. 

LeWald, B.: Leather-bottle Stomach (Umtis Flastica), Am. Jour, Roentgenol. 
8. 16.1. 1921. 



310 


THE GASTRO-ISTESTINAL TRACT 


LeW\li> Diaphragmatie Oerma. Am. Jour Roeotgenol , 20. 423, 192$. 

Lross, 3 Linitis Plastics, Surg , Gynec. and Obst , 39. 34, 1924 

Mackh: and Porvtj Changw in GKtn>-lntcstiaa3 Tract in Deficiency Stales, 
Jour .4m Med Asm.. 101. 613. 1935 

Mekbilu .a S Syphilis of the Stomach, with n Study of Ten Probable Cases, 
Am. Jour Roentgenol , 12. 444, 1924 

MiLi^, R lY The Relation of Bodily Habitus to I’bceral Form, Position, Tonus 
and Motility, Am Jour. Roentgenid , 4, 153. 1917. 

MtLt3, R. M . and Sofer, H W Articles on Studies of Colon. .Am. Jour. Roent- 
genol . 11, 4S7, 1924 

Moobe, a B. Benign Tumors of the Stomach. .Am. Jour. Roentgenol . 11. 61, 1924 

PEVCEBCiB^ss, E. P , and Abbott. TV. O . Intubation Studies of the Human Small 
Intestine V. The Motor Effects of Sinrfe Cluucal Doses of Alorphine Sulphate 
m Normal Subjects, .Am. Jour Roentgenol , 35. 2S9. 1936. 

Pfableb Meclel's Diverticulum, Sorg . G}Tiee. and Obst,, 69, 929. 1934. 

Revdicb, R F Roentgenograp^c Study of Gastric Mucosa. .Am. Jour. Roent- 
genol , 10. 526. 1923. 

ScHtTriLl. R. Reliefatudien an der Nonnalen und Ktanlhaft Vemndertea Speise- 
rohre, Acta radiol., SuppI IS, 1933 

Snell and Caup Steatenhea, Arch. lot. Med . vol. 53, p. CIS 

Sfbocij, J • -A Discusdon of Ibe Oceurrence of Benign Ulcer on the Gieater 
Curvature. Am Jour. Roentgenol.. 25. 464. 1931. 

Stetv, a . and Stew AST. tv H.* Poeumopcntoneal Roestgen-ray Diagnosis. Troy, 
N Y . The Soutbworth Company. 1921. 

VocT E Congemtal Esophageal Atresia. .Am Jour. Roenigenol , 22, 463. 1929. 

TTbte. F tv. The Clinical importance of Chrome Chaagea in the Appendia 
trhlch are Discoteted b}' the Roentgen Rs>. Boston. Med. and Sure Jour , 1S3, 
6S7. 1923. 

TViluams, F TV.. Roentgen raya in Medicine and Surgery, New Vorh. 1903. 



CHAPTER X. 


THE GENITO-URIiVARY TRACT. 

Preparation of the Patient. —The preliminary preparation of the 
patient is a matter of opinion. If it is thought advisable, a vege- 
table cathartic or oil may be recommended. Mineral salts and 
enemata should always be avoided, the former because they tend 
to fill the intestine n-ith fluid, the latter because air generally 
accompanies their introduction, and they are seldom entirely 
expelled. Fluid or air in the intestine may entirely obscure the 
kidneys and produce a confusing shadow. Good films are usually 
obtained with no preparation. 

Technic, —The examination should include both kidneys, the 
courses of the ureters and the bladder. Doubtful shadows and 
most positive findings should be checked with a second examina- 
tion at a later date. This work requires films of the best technical 
quality. Roentgenograms which show evidence of motion, due to 
respiration or other causes, should be rejected. Films of the 
bladder area should be obtained in both anteroposterior and 
postero-anterior positions. The ideal kidney film should be of 
moderate density, thin rather than overexposed, and should show 
clearly the last two ribs, the transverse processes of the vertebr® 
and the mai^ins of the psoas muscles. 

THE KIDNEYS. 

The normal kidney shadow is of the familiar form: in length 
approximately equal to three vertebral bodies— the twelfth tho- 
racic and first and second lumbar— and of smooth, regular contour. 
Tlie right kklney lies 1 to 3 an. iower than the Je/t, and is seen 
less frequently. Visibility depends upon the amount of fat about 
the organ, and the accuracj' of the tedinic. 

The kidneys are somewhat movable in the normal individual, 
dropping 1 to 3 cm. in the change from the supine to the standing 
position. In young children thej' are lower than in adults. They 
lie close to the margin of the psoas muscle, and arc crossotl by the 
shadows of the last two rib^. 


(3U) 
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Changes in size of the Iddnej's are not diagnostic. The shadow 
may be distorted or enlarged by the si2e of the patient and the 
position of the tube, or one of the kidnej's may be hj'pertrophied 
as a result of disease in its fellow. On the other hand, the shadow 
may be of normal size although the kidney may be damaged. Veiy 
small, slightly lobulated, kidneys are sometimes seen in chronic 
nephritis 

Changes in shape are due to tumors, cj'sts, infections, anatomical 
variations and abnormal position. 



Fig. 227. — Luge bnndiiDS oiIcuU in both Iddnej-s. 


Changes in position may be temporarj' or constant. The kidney 
may rotate on any one of its axes, or it may be displaced down- 
ward, away from or toward the median line. It is rarely, if ever, 
displaced upward. One or both kidney's may be affected. Down- 
ward displacement is the most common and occurs in ptosis, in 
tumor arising from the upper pole of the kidney, and occasionally 
m other retroperitoneal tumors. An abscess behind the psoas 
muscle, or a tumor arising in this repon, may displace the kidney 
away from the spine. In congenital malposition of the kidnej’s, 
thej’ maj' be found in the pelvis or oTCrlying the vertebr®. 

Changes in density are extremely unreliable in diagnosis. \MuJe 
it is true in rare cases that tnberculosls of the kidnej* maj' be sus- 
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pected because of the presence of a mottled shadow of increased 
density, in general mottling is due to overlj ing intestinal shadows. 

The principal value of the plain roentgen-ray examination lies in 
the detection of calculi. Under the most favorable conditions, 
80 per cent of all kidney and ureteral (not bladder) stones will show. 
Their visibility depends upon: (I) the technic; (2) the preparation 



Flo. 238 — Roentgenoeniin fhowine calculi In the kidney. 


and size of patient; and (3) the composition and size of the stone. 
The first two factore raa.v l>e controlled to some extent b.v repeated 
examinations. In reganl to the thinl factor— the composition 
and size of the stone— the order of visibility is as follows: urates 
and xanthin invisible, cystine faintly visible im«1er favorable condi- 
tions, calcium phosphate, carlionatc and oxalate, always evident 
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on good films. Stones which He in large, inflamed kidneys maj* be 
so obscured by the general density surround them that they are 
not visible. Furthermore, the shadow of a stone may overlie a rib, 
the transverse process of a vertebra or the sacrum, and may be 
overlooked. Sometime a stone previously invisible will receive a 
coating of opaque mixture during pyelography and become visible. 
Stones generally occur in the region of the pelvis and lower calices. 
They may be round, although they are often irregular, and occasion- 
ally assume the form of a cast of the pelvis in which they are located. 

A single shadow may represent multiple stones— a diagnostic 
point not to be overlooked. Discrete shadows scattered through- 
out the periphery of the kidney shadow suggest a marked degree 
of hydronephrosis with stones or an old tuberculosis of the Iddney. 
With large, branching calculi, there is generally considerable kidney 
damage 

^Vhen multiple stone formation is eneoimtered in the kidneys, 
parathjToid adenoma may be suspected, and the skeleton should 
be investigated for eridence of disturbance of calcium metabolism. 
In a few cases following fractures of the thoracic spine, multiple 
stones have formed in the kidnej's within a few weeks after the 
injurj-. 

Shadows which may be confused nitli calculi are; 

1. Those due to material in the bowel, such as fecal masses, fruit 
pits, enteroliths, opaque salts, bismuth and barium (particularly 
residues in diverticula of the colon) Blaud’s pilb and salol capsules. 

2. The appendix often lies in close relation to the right ureter, and 
foreign bodies or enteroliths within it may be mistaken for ureteral 
calculi. 

3. The shadows of gafl-stones can generally be differentiated from 
those of renal calculi, (a) by their structure and (6) by their shifting 
position with reference to the kidney area, as shown in films 
obtained in the anteroposterior and postero-anterior and lateral 
positions. 

4. Calcified glands produce a sliadow of a characterktic spongy 
appearance, which is usually sulEcient to identify them. They 
occur along the course of the mesentery and in the region of the 
sacro-iliac joints. They may be identified by their location which 
is, roughly, in a line extending from the left kidney downward 
across the abdomen to the right iliac fossa. They may also be 
identified by the fact that they frequently change position in rela- 
tion to the other structures of the abdomen. 
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5. Tuberculous foci in the kidney ma5' calcify and cast shadows 
which resemble those of renal calculi. 

6. Calcification of tumor masses in the pancreas, or in the region 
of the kidney may be a rare cause of confusion. 

7. The tip of the transverse process of a ^-ertebra may be of 
such greater density than the body as to suggest a stone. 

8. Small areas of density in the spleen may overlie the upper 
portion of the kidney. 

9. Calcification in a blood-clot or surrounding a foreign body 
may simulate the appearance of a renal calculus. 

10. Mention must also be made of the shadows cast by fibromata 
on the skin, scars, and even dressings, which may be recorded on the 
film as areas of increased density. 

11. Artefacts in films, due to thin spots in the emulsion, or small 
areas which are unequally developed may be sources of confusion. 

In searching for small stones in a kidney which has been opera- 
tively e-xposed, it is possible to take films directly through the 
mobilized kidney n hen it can be freed sufficiently from the surround- 
ing tissues. 

Retrograde Pyelography is not a procedure to be undertaken 
lightly. Reactions cannot be entirely avoided, although a careful 
technic will do much towartl preventing them. The most important 
single precaution to be obsen-ed Is to permit the solution to flow in 
slowly under a slight gravity pressure, and to stop as soon as the 
patient complains of pain in the kidney. The fluid level in the con- 
tainer from which the solution flows is a safe gtiide. As the pelvis 
becomes filled, this level becomes stationary. 

The outline of the kidney pelvis as obtained by this method 
varies greatly. The norma! pelvis is somewhat lily-shapetl, w ith the 
ureter corresponding to the stem. The pelvis presents a more or 
less rounded border with which the ureter blends on its inner margin. 
Arising from the outer margin of the pelvis, there is a variable 
number of processes projecting into the kidney substance, the 
major calices, from the tips of whicli arise further small projections 
the minor calices. There is great x-ariahih'ty in the shape and size 
of the kidney pelvis. One may sec a small globular pelvis with 
short calices or a large extensively hranchetl pchis with the tlt>3 
of the calices well out in the kidney sulwtance. 

Incomplete filling of the pelvis is generally the result of spasm 
of the ureter or pehds, comwonty causeil by too rapid ilistention 
with the op.aque mc«lium. Pressure from cnjargwl, adjacent organs 
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and e-Ttrarenal tumors may also present complete filling. The 
film may show no solution in the kidney, a small, irregular, hazy 
shadow, or what appears to be a markedly deformed pehis. lie- 
examination with a more gentle technic will, demonstrate whether 
one is dealing with spasm or an o^nic lesion. 

The mobilitv of the kidney may be determined by an examina- 
tion following pyelography in both the supine and the erect posi- 
tions. This examination is also useful for the recognition of ureteral 
kinks. 



FiO 229 — petrvs ibomnK as bnalcmunt TvnMaon. 


IntraTecons Fyelo^aphj permits visualization of the kidney 
pelves, ureters and bladder. It is a simple procedure which can be 
done in any roentgen-ray Jaboratorj-, and fumkhes in many cases 
all the infomiatlon necessary in regard to the conditions present. 

Contraindications are severe liver disease or iodin sensitivity on 
the part of the patient. 

Tilms are made five, fifteen or thirty minutes after the intravenous 
injection and often an hour or more later according to the rate of 
excretion. 

The visualization of the pelves and ureters is often equal to that 
obtained by retrograde pyelography. A valuable part of tbis method 
of examination is the demonstration of kidney function. The func- 
tional capacity of each kidney can be estimated from the rate of 
excretion and the density of the pelvic shadows. Excretion may be 
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suppressed in the kidney above a ureteral stone or following trauma 
to a ureter or bladder. A stone which is not visible on the plain 
films may be suspected from the suppression of e'jcretion in the 
kidney above it. (Fig. 230.) 



Excretion may be .lelayed in both kidneys or tnere may be com- 
plete absence in one from a variety ot causes sneh os tubcrenlosis 
pyonephrosis or tumor formation. Such a fiud.ng should be checked 
by the retrograde method. Intravenous p.velography ,s ideal for 

'’’Smethoii may fail to reveal the earliest evident ot tuher- 
culosis or malignant disease, ns the deformities they produce arc not 
so obvious as vv ith retrograde p.velography. The liest visualization 
occurs where the kidney substance is actively secreting and in cases 
ot chronic obstruction where the <I.ve is prevented from leaving the 
kidney. 
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Aflomalies, particuJariy the presence of multiple pelves and 
ureters are best demonstrated by this method as well as displace- 
ments or aberrant vessels and it helps to localize and identify ques- 
tionable tumor masses in the upper abdomen. 

Variations in dcA elopment are relatively common in the genito- 
urinarj tract. The kidney pelves may be small, infantile, branched 
or divided. The kidaej^s may he rotated, displaced, fused across 



Fjo. 231. — Hydronephrod*. drtno&sbated by injpctio& iritb opaque solution. 

the spine or one may be absent. A double pehns will have double 
ureters which may fuse at any point in their course or continue 
into the bladder as separate structures. A double pehis should 
alwaj's be suspected wbra retrograde ptelography shows only a 
small pehns located toward either end of a kidney shadow. They 
are less apt to l>e o^ erlooked after intravenous p% elography. 
Horse-shoe kidney occurs from a partial or complete fusion of the 
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kidneys across the spine. The lower poles of the pelves and the 
ureters are displaced toward each other and occasionally an extra 
pelvis may be present in the central portion. 

Hydronephrosis.— Hydronephrosis produces every degree of 
change, from blunting of the minor calices to the formation of a 
large sac. These changes depend upon the site of the obstruction 
and the length of its duration. With obstruction near the kidney, 
the characteristic early change is blunting of the minor calices. 



Fio. 212. — Infection of the lower e»J>i of the kidney sue^stfag tubercufosi*. 


With obstruction near the bladder, on the other hand, dilatation 
of the peKis and a certain amount of rounding of its outline are 
the characteristic findings. In the latcrstages of the process, both 
major and minor calices may disappear. The opaque solution col* 
lects in one large pool in the sac which is all that remains of the 
kitlney. At times this sac may have several pockets, each one of 
which collects a pool of the solution. Tlib condition may not be 
obvious in the routine supine posithm, hut with the patient erect, 
each pocket presents a fluid IcveL 
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A moderate degree of hj-dronephrosis is often seen during the 
course of pregnancy. It disappears soon after delivery. 

The films may abo give an indication of the cause of the condi- 
tion, such as stone in the ureter, kinks or dilatations. It is 
possible to estimate roughlv* the amount of kidney damage from 
the amount of solution the pelvis will hold. Anjtliing under 20 cc. 
may be considered normal. 



Fla 233. — Pjtmephroais. The Ljdney pelvis is extensively infected. 


Fyonephiosis. — In Infiammatory conditions, the principal change 
is in the calices. They are likely to show irregular, moth-eaten 
edges, and an increase in length and width. In the later stagts, 
they may show rounded dilatations at their extremities. The 
form of the pelvis Taries according to both the amount of destruc- 
tion of the kidney substance and the degree of distention of the 
pelvis. Ordinarily, the pelvis is contracted rather than dilated. 

Tuberculosis. — Tubercvilosis begins as small abscesses in the kidney 
substance which may remain discrete or unite and connect with the 
pelvis. The roentgen findings depend upon the stage of the process. 
Plain films in long-standing cases may show a finelv dottetl or rose- 
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petal calcification in the kidoQ' substance. Pyelography in early 
cases will show nothing or perhaps a slight irregularity of one calix 
or a small abscess cavity connecting with it. As the process ad- 
vance, more deformity occurs in the pelvis until in the late stages 
it takes the form of an irregular mass surrounded by multiple 
abscesses. The ureter is involved in the more advanced cases. An 
early sign is a stiffeningof the lower portion and a straightening out 
of the curve above the bladder, so that the affected side moves near 
the mid-line. Later the ureter become tortuous, irregular in outline, 
and may show strictures. 



Fio. 2S1.— Tuberculosis of the kidoey. Note tho irtepiUr areas of caleiSeatioo 
scattered ttirousli the kidney siibeUnce. 

Tumors.— The l>enign tujjiors of the kidney are cysts and ade- 
arimata. The later ma.v occur an.vwhere in the kidney substance or 
nose witliin the jwlvis. 

The malignant lesions arc: (1) adenocarcinoma of the kidney 
sulistance; (2) papillary epitheKoraa of the pelvis; (3) lij-pcr- 
21 
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nephroma (from a true adrenal rest); (4) embrj'onal or teratoid 
tumors of various tj'pes. Perhaps the most interesting of these 
is the Wilm’s tumor, an embryonal mixed tumor, usually a mjTco- 
sarcoma. 



Fjo. 23S. Early adenocarcinoios 1 cm. io dismelcr involviog U>e lower calix. 

In addition to these, the kidney may be deformed by or invoUed 
in adrenal tumors of various types, such as (1) adenoma, carcinoma 
OT neurocjioma; (2) retroperitoneal Ij-mphoma; (3) teratoma. 
The deformity produced by a tumor depends upon the size and 
lection of the growth. The characteristic picture is an obliteration 
V ^ pelvis T»-ith its corresponding calices. The kidney 

^adow may show a localized enlargement or a lobulated appearance, 
^mors or cj-sts in the kidnc>' substance may be overlooked until 
they reach a size^ sufficient to deform one or more calices. In the 
early stages, carcinomata usually manifest themsch es by a deform- 
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it}’ of a single calix. When a large part of the kidney is invoh'ed, 
the pelvis may be reduc«l to a small mass from which strands of 
opaque material extend outwanl into an enlarged kidney area. This 
latter tjqie of growth must not be confused with polycystic kidney. 

The epitheliomas of the pelvis are usually warty outgrowths 
arising from the pelvic mucosa and tliey produce a fairly charac- 
teristic deformity in the pyelograin. 



Fio. 236.— noentgcnogrtun chowinc dcfonniiy of (be VldDoy pcl>U duo to a iaree 
byjwrnrphrocna. 


Blood clots in the pelvis of the kidney may defonn the shadow 
in such a ^\ay as to suggest a tumor. Pressure upon the kidney 
from enlarged adjacent organs, or extrinsic tumors, inny prevent 
complete filling of the pelvis, and this appearance may simulate 
that of tumor. Spasm from instrumentation or injurj- to the ureter 
may duplicate organic defects but it docs not persist and a repeti- 
tion of the examination slioukl reveal its true nature. 

Adrenal tumors enuse a flattening or deformity of tlie upper 
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calices if they are sufEciently large. Small tumors of the adrenal 
cannot be demonstrated on routine films but the Carelli method of 
injecting 200 cc. of air into the kidney bed brings the entire kidney 
and adrenal into striking relief and will visualize small masses which 
otherwise would be overlooked. 

Neuroblastoma occurring in or about the adrenal in children causes 
characteristic lesions in the skull pelus and long bones. 



Fio. 337. — Polycysljc lodopys. 

Polycystic Kidney.— C>-sts may simulate tumor in appearance, 
due to pressure upon the paren^\Tna. In polycystic disease, the 
calices are con\erted into long, finger-like processes which extend 
outward from tiie pelvis and the pehis may be encroached upon 
to a certain extent. Usually tl)e rounded impressions of the cysts 
ran he seen overly ing the ralices and pelvis. The process is almost 
invariably bilateral. 

Single cysts in the kidney substance may ghc no evidence of 
their presence when they are small. As they' enlarge thev produce 
a 1(^1 rounded enlargement of the kidney shadow, with periiaps 
a slight compression of the adjacent calices. They may attain 
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considerable size without much deformitv of the pelvis. They are 
best seen w hen they occur at the lower pole. When they occur ^ ith- 
in the pelvis, they cause round smooth defects (Fip. 238). 

Chyluria.— In rare oases one finds in retrograde pyelograms, 
strands of opaque solution running toward the spine from the upper 
pole of the kidney due to lymphatic channels connecting tlie kidney 
and thoracic duct. 



Fia. 238 . — A cyat of the kidney pelyis Note (be rounded shadow of diminiebcd 
denritr tbe kidney pelvis. 

THE ITRBTEBS. 

The course and condition of the ureters can be ilenionstratcd 
either b^’ intrai’cnous or retrograde pyelograpJiy. 

Intravenous pjelography has the following advantages: (1) the 
ureter lies in its true course and does not conform to that of the 
rather rigid catheter, so that changes in diameter and irregularities 
of outline are cle.irli* <Jemonstrjil«l; nntJ (2) apparent Kinking, due 
to pressure from the tip of the catheter, docs not occur, sshercas 
true kinks are ca.sily rcfogntzcil. 

Tlie course of tiic ureter is downnahl, across the transverse 
processes of the Jiimlwjr > erlclaa* and sacro-iHac joints to tJ:e pel^fa. 
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It then cun-es inward and fonirard in the direction of the bladder. 
There are four points of narrow ing-^here stones tend to lodge: 
(1) the uretero-pehdc junction; (2) where the ureter crossts the 
iliac Vessels; (3) near the junction of the ureter with the bladder; 
and (4) the papilla within the bladder. Stones are found most 
commonly at the uretero-pelvic junction and just outside the blad- 
der. They are easily overlooked if lodged near the iliac vessels, 
because their shadows are superimposed upon that of the sacrum. 
They may be projected free of the sacrum by a change in the posi- 
tion of the tube. 



Ftc. 239.— A meecDtenc elaod sue&atiss s rtosain Uieureter. 


Anatomical X'ariations occur, the most common of which is mul- 
tiple ureters. The ureter may arise from the posterior or lateral 
borders of the kidney. The lateral position is common in horse-shoe 
kidney. A posterior attachment b flue to a congenital failure of 
rotation. Irregularities in outline are generally the result of infec- 
tion. Tuberculosis is, perhaps, the most common cause, and first 
appears in the loner portion of the ureter which is stiffened and 
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straightened. Dilatation is generally due to obstruction n ithin the 
lumen of the ureter, but may be the result of extrinsic pressure 
from pelvic tumors or adhesions. It occurs physiologically in 
pregnancy. Extreme dilatation sometimes occurs in advanced 
stages of carcinoma of the uterus, and occasionally in pehde infec- 
tions. Diverticula may occur in the lower portion of the ureter, 
and may contain stones. 


Fic. 240.— Large calculua in dSated ureter. The dilated ureter (s made eisible by 
tbc icjection of epaquo eolutiOD. 

The shadow of a tircf^raf ealculut is o\'al or elongatctl, and some- 
■fthat hazy in outline and density. Its long axis lies in the direction 
of the course of the ureter. Sliadows ■wliicli may be confused with 
Ureteral calculi (in addition to those already enumerated), are 
hypertrophic clianges in the vertebne and pelvic Imnes, arterio- 
sclerosis of the pelvic arteries, caldfied fibroids, calcified ovaries, 
dermoid cysts and phlclxiHlhs. 

riilclroliths protluce small, circular, sharply outlinetl shadows, 
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generally multiple, occurring in the pelns in the repon of the ischial 
tuberosities. They are the result of calcification in thrombi occur- 
ring on the distal side of the valves in the plexus of veins in the 
pelvic cellular tissue. They are common findings, and are fre- 
quently mistaken for ureteral calcuIL The distinguishing charac- 
teristics of a calculus are: (1) it is not sharply outlined; (2) it is 
more likely to be oval than round; and (3) it lies in the course of 
the ureter above and internal to the area where phleboliths com- 
monly lie. Furthermore, phleboHths seldom occur singly. 

If there is any doubt in the mind of the examiner, the patient 
should be examined with an opaque catheter in the ureter, or an 
intravenous pyelogram made. Oblique films may then be obtained 
with the patient rotated so that the opposite hip is raised off the 
table. These will determine the presence or absence of obstruction, 
as well as the relation of the suspected shadow to the ureter. 

Kinks in the ureters do occur and are usually due to aberrant x es- 
sels below the kidney pelvis. However, not eveiy constriction in 
the ureter is due to kinUng. Serial films show that there are definite 
peristaltic waves in the ureter and that apparent links seen on one 
film will disappear a few moments later. There is often an apparent 
kink in the ureter an mch or so below the pelvis when the patient 
takes a deep breath. The diagnosis of kinking should not be made 
when the ureter is deformed by the upper end of a rigid catheter. 

Multiple small cj'sts throughout the ureter are seen in rare cases. 
They give a striking picture. 

THE SLADDEB. 

The outline of the partially filled bladder can be made out occa- 
sionally in a pelvic roentgenogram. It can be readily xisrialized 
by filling it with air or opaque solution. Stones in the bladder are 
occasionally overlooked because a large percentage of them are 
urates. Important characteristics of bladder stones are: (1) they 
are of fairly large size; (2) thej" are ov^l, but sometimes laminated; 
and (3) they lie u ith their long axes transversely in the pelvis. 

The bladder may be outlined by opaque solution, or by air. 
Large diverticula can be demonstrated, as a rule, after a moderate 
distention with opaque solution, or a partial inflation with air. 
Trabcculation of the bladtler wall is sometimes visible, particularly 
along the sides. In some case it b possible to fill the ureter, and 
even the kidney pelvis, with opaqvte solution by slight overdisten- 
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tion of the bladder. This method may be used xn cases when cathe- 
terization of the ureter is impossible, and is particularly adaptable 
to children. 

Congenital abnormalities, such as hour-glass bladder and patent 
urachus, are sometimes found. The latter appears as a thin, dense 
line extending upward from the bladder toward the umbilicus. 

Tumors may be sufficiently extenave to produce defects in the 
shadow of the opaque solution. The best method for their demon- 
stration and one that is equally useful in the case of stone, is to in- 
flate the bladder with air and obtain stereoscopic films. An enlarge- 
ment of the prostate gland can be demonstrated by inflating both the 
bladder and the rectum with air. A deposit of calcium may occur 
upon the surface of bladder tumors, or it may appear •within the 
tumor itself. In either case, the tumor can be demonstrated. 

THE MALE GENITALS. 

Small multiple calculi occur in the prostate, and may be mistaken 
for urinary concretions. The \‘as deferens and seminal vesicles, 
when injected with opaque solution, may appear distorted as a 
result of inflammation. Stones or foreign bodies in the urethra, if 
sufficiently dense, may be \Tsualized. 

The course and outline of the male urethra is well demonstrated 
by the injection of iodized oil or an opaque solution irith the patient 
supine and rotated 45 degrees to one side. The bulbous anterior and 
contracted posterior portions are seen, and strictures, fistuhe or 
diverticula become evident. 

Carcinoma of the prostate is not recognizable but its raetastases 
are characteristic. The metastases are usuallj' of the osteoplastic 
type and are so heavily calcified that they produce a cottony or 
woolly appearance in the affected bones which are usually peh'is, 
spine and ribs. 


THE miALE GENITALS. 

Calcification is frequently seen in fibroids in the form of round, 
i^egular dense masses, often multiple, and occupj’ing any por- 
tion of the pehis. In rare cases, the ovaries may be calcified. 
They appear as oval, flattened, spongj' masses suggesting glands 
lying internal to, and above the iscdtium. They may be mistaken 
for ureteral calculi, ^Yith pneumoperitoneum, it is possible to out- 
line the uterus, tubes and ovaries. Air max' be injected into the 
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uterine cavitj', in order to detennice the patency of the Fallopian 
tubes. 

The injection of Jipiodol to outline the uterine cavitj;' and deter- 
mine patency of the tubes is simple and positive. The normal 
shadow of the body of the uterus is small and triangular with thin 
tortuous tubes leading away from the upper comers. If an excess 
of oil lias been introduced, a few droplets will be seen below the 
tips of the tubes. Displacement or distortion of the body, its early 
enlargement in pregnancy, occlusion of tubes and their dilatation 
in chronic salpingitis are easily demonstrable. 



Fio. uwnis Qipiodot) «to«ruie occluded risht lute. 


3lc>eiitpenolog\' is coming into increase<l use in pregnancy. Tlie 
vague shallow of the fetus may be seen in favorable subjects as 
early as the tuclftli uock, and a definite diagnosis should always 
be possible by the eighteenth week. Tlie patient should be 
examincil in both prone ami supine po'^ilions using the shortest 
possible c.-qiGsiire time to stop all motion of mother and chil<l ohen 
searching for on early pregnancy. The size and position of the 
fetus is Well shoun. Multiple pregnantdes are evident and the loca- 
tion of the placenta is often jwssible. In a small scries of cases it 
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has been possible to diagnose intra-uterine death, from overlapping 
of the skull bones and shrinkage in size of the fetal head before it U 
engaged in the peh-is. Anc^halic monsters have been outlined. 
In one case of Siamese twins the heads lay close together on the 
same level, whereas the heads are re\'ersed, one up and one down, 
or considerably separated in the usual twin pregnancy. 

Clifford’s tables of the relation between the occipito-frontal 
diameter of the infant’s head and its weight are useful in determin- 
ing the weight of the fetus in utero. The mortality under 5 pounds 
is 30 to oO per cent, while between 5 and 6 pounds it is less than 3 
per cent. For this reason the weight of the fetus may be of consider- 
able help in deciding w hen a pregnancy may be safely interrupted. 


A P diin 


of si 


9 5-10 
10 0-10 5 

10 5-11 0 

11 0-11 5 
11 5-12 0 


.Anraee 

»Mghl 

3 lbs. S oi 

4 lbs. 4 OI 

5 lbs 4 OJ 

6 lbs. 5 Of 

7 lbs 12 Of 


(With an anteroposterior diameter of 11, the transverse diameter 
is close to 0.5.) 

These figures are taken from direct measurements and the diame- 
ters as recorded on the roentgen-ray films must be corrected for the 
magnification, due to the distance of the fetus from the film. 

There are several methods of peKiraetry in use. One of the earliest 
in this country was suggested by Thoms and improved by Bowen. 
These rely upon measurements taken from a set of stereoscopic 
films. A simpler method suggeste<l by Moloy requires a modifica- 
tion of the optical sj'stem of the ordinary stereoscope, so that a 
ruler may be held upon the combined Image and direct measure- 
ments of the pehds and skull lead off at once. 
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CHAPTER XI. 


FLUOROSCOPIC TECHNIC. 

It should not be forgotten that most of the injuries received by 
the early workers in roentgenologj’ were due to the use of the 
fiuoroseope. the chief sources of danger in fluoroscopy have 

been removed, great possibilities for barm still remain. 

Dangers to be guarded against are: 

1 . Electrical discharges from the high-tension circuit. 

2. Roentgen-ray injuries to the patient. 

3. Roentgen-ray injuries to the operator. 

1, The hazard of contact with the high-tension circuit is largely 
concerned with the tj'pe of apparatus and the manner in which it 
is installed. In modem shock-proof apparatus this danger has been 
completely eliminated. 

In other tj'pes of apparatus, and particularly in those operated 
from a separate transformer through an overhead system of wires, 
means should be provided making it impossible for any one to 
approach within striking distance of the wires. Tills b most easily 
accomplished by enclosing all high-tension conductors which may be 
located less than 7 feet from the floor with a barrier, which prevents 
access to the wires and allows at least a G-inch air space between it 
and the leads. 

Not more than one piece of apparatus should be connected to a 
transformer at the same time. All changes in the high-tension 
connections should preferably be made by overhead switches. 
Lacking these, a single pair of leads should arke from the trans- 
former and be attached to whatever piece of apparatus is to be used, 
leaving everj-thing else dead. Coid reels should always be kept 
in order and replaced at once if broken. Wires attached to over- 
head cord reels should not be permitted to hang lower than 7 feet 
from the floor, and higher if any metallic apparatus or material is 
likely to come within 0 indies of them at any time. This pre- 
caution is particularly important in fluoroscopic rooms, because 
in the dark one never knows where a dangling wiremav be. 

(33t) 
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Siual! bedside and other self-rectifying units which are now in 
genera! use, are more dangerous than resistance-controlled outfits, 
and corresponding care should be taken to make sure that contact 
with the leads is impossible. Quick acting circuit breakers should 
be installed on all equipments which have no resistance in the prim- 
ary circuit. 

2. Danger to the patient from roentgeii-raj's will be minimized 
by using low milliainperage, by making all examinations as brief 
as possible, and by using the smallest possible diaphragm openings. 

In the average fluoroscope with a J2-!nch target skin distance, and 
1 mm. of aluminum between the tube and patient, using 3 to 5 mil- 
liamperes, the exposure to the patient’s skin is about 0 to 10 r. per 
minute. This means that a five minute examination, which is 
ample for any case, will result in the patient receiving less than jV 
of a skin dose. If films are made subse<iuent!y, this amount may 
bo doubled or trebled. 

3. Roentgen injury to the roentgenologist is due largely to lack 
of training and carelessness. One who is conservative and careful, 
never exposing himself to direct rays without an opaque covering 
and mmimizing his exposure to secondary radiation, will not be 
conscious of any effects from the work after years of exposure. 

On the other hand, those who insist upon wide-open diaphragms 
and the use of bare hands in palpation beneath the screen will surely 
regret tlieir carelessness. It cannot he too strongly emphasized 
that permanent injuries do not usually appear until several years 
after the exposures responsible for tliem. It is well to acquire a 
conscience whfdiwill not permitan unnecessary moment of exposure. 

Tlje effects of over-exposure to radiation are, in the acute stage, 
itching, burning and erj'tliema comiixf; on from a few da^'s to 
three weeks after exposure, and in the severe cases vcsicukation and 
perhaps ulceration. Tlic chronic effects which may appear without 
a definite erjlhema ever having been noticed are itching and 
tingling of the shin, numlmess, Irnttlenesa of the finger nails, reces- 
sion of the skin from the nails, blepharitis, telangicctasb, and 
atrophy of tlie skin; and in the later stages, keratosis and roughening 
of the skin which breaks down readily upon slight injurj*. Tliese 
late effects usually appear in from tlin% to ten years after exposure. 
It slmuld not l>e forgotten that .«ome of the earlier workers who 
1 wl little or no protection die«l of aplastic anemia. 
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EQtnPMENT OF THE FLUOEOSCOPIC ROOM. 

The first essential in the fluoroscopic room is that it should be 
light tight when in use, for small cracks and leaks, in addition to 
detracting from the faint image on the screen, give rise to verj- 
troublesome reflections from its glass surface. He room should be 
sufficiently large to permit free passage about the apparatus, and 
should be well ventilated; the smaller the room, the greater the 
necessity for ^ entilation. 

A small table or shelf should be provided to hold gloves, records 
and opaque meals. If the operator expects to spend mudi time in 
this room an extension telephone is useful. The room should be 
provided with an equipment for gii'ing enemata. 

Flnoroscope.— The tilting fluoroscope which permits vertical, 
horizontal and intermediate positions is an ideal arrangement In 
gastro-intestinal examinations it is important to examine the patient 
both in upright and horizontal positions, and it is easier to complete 
the study on one piece of apparatus than to shift the patient, foot 
switch and high-tension current from one fluoroscope to another. 
A Buck}’ diaphragm beneath the fluoroscopic screen increases 
contrast and is of great help in the obseivation of fine details. 
Means should be provide<l for the taking of spot films with the 
patient in position on the fluoroscope. This requires a switch to 
change the settings on the transformer and means for shifting cas- 
settes rapidly. 

FUament Control. — The control for the filament current should 
be located conveniently close to the bandies operating the shutters. 
A milliameter in the high-tension circuit is essential, and should be 
so placed as to be easily read when the room is lighted, and, if pos- 
sible, should be illuminated by a faint light ^^5ible at all times. 

lighting. — The room should be lighted by a fixture which contains 
one white and one red electric bulb. The red lamp should be 
connected with the foot switch wliich extinguishes it at the same 
time that the tube is lighted. The white light should be controlled 
b}' a separate switch, pre/erably in the wall 

Overhesd Circnit. — Protection of the overhead circuit has already 
been considered. It should be substantially supported (not tied 
to the wall by strings), and to aroid corona, should consist of rods 
or tubing at least } inch in diameter, with no sharp right angle 
turns and no sharp points. Spots whirfi show corona should have 
laige metallic masses placed about them. It should preferably be 
shock proof throughout. 
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PROTECTION. 

Jlodem fluoroscopes are iisualK well 1’™*“'“': ‘f,’ 

lined with opaque material that no roentgen ^ “ 

escape from the tube in any direction behind the shiittem. ; 

it is an excellent idea to test the flooroscope oee»'‘™“’' . 
easily bo done by passing a loose fluoroscopic l^t is in 

all around the apparatus, at a distance of - or u , 
operation u ith shutter closeil. There should be no light seen up“ 
this test screen behind the plane of «be Burtace upen u he the 
patient rests. In the same nay. a loose screen should be held in 
front of the lead glass on the instrument during “ 

patient, to determine its opacity. If “u aPPteeiable “mB 

through to the second screen, an extra sheet of lead glass should 
be added, or the faulty one returned to the 
There is always a certain amount of radiation '*"'6 t , j 
all directions from the patient during 
secondatj- rays. In order to Ptol^'t' 

an extra screen should be held by the patient s s startled 

during the examination. One unaccustomed to .t 'ull ^ starU«^ 
at the amount of radiation which proceeds ro .iiutter:. this 
the diaphragms are wide open. Upon cl«i.R > 
scattered radiation will be seen to progre^i'c j patient lias 

the time the luminous area on the se^n in 

been relluced to a 2-inch square, it will SrTrS ha- 

This striking demonstration of the variation in Be^ndmy ™dm 
tion with the size of shutter openings, should ’ iye 

in the beginning, the habit of working with 
lIlumlnatKl area. A chair u ith a le,ad faaiig 
penologist's chest and abdomen as be sits before the i,pri„ht 
scope should be includetl in ever}' fluoroscopic ou . 

iad Glcv«.-No matter how little 
not afford to work without opaque goye . .^-ould of 

think of doing fluoroscopic " that the roent- 

handling caustics w Ith unproteetrf ha d ^1, 

gen irritant is unseen, and unfclt at the i ► 
the more cautious in dealing with it. tltpm oocii bv 

Gloves can be kept in good condition by 
wires and placing them in '™"‘ ”,Ii„g them on again, 

dusting them with talcum pwder be P , j | simply a 
A mitten constructed of a hca^'y grade of lead rul.i*tr. i 
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sack large enough to enclose the entire hand, with no partitions for 
thumb or fingers, is \ erj* comfortable. It airs itself u'ell, affords 
complete protection to the hand and permits satisfactorj' palpation. 

Wooden Spoon. — A verj' satisfactory' palpating de\'ice consists of a 
flat board with a rounded tip outlined by a lead wire carrying a 
protectir e shield of lead into which the band fits. 

Lead Glasses.— Lead glasses are valuable for the prevention of 
marginal blepharitis, but are seldom necessary. 

Lead Aprons.— Lead aprons are- liea\y and uncomfortable, but 
are essential and should always be worn. Unless they are hea\y 
they are useless. 

Accommodation.— One of the most neglectetl, but the most ob- 
vious preparation iu fluoroscopy, is the acquisition of adequate 
accommo<lation requiring ten to twenty minutes in total darkness. 
In large clinics where several cases are l>eing examined in succession, 
it is relath ely easy to w ait the necessary time at the beginning of the 
session. But, when it is necessary to examine a chest in the middle 
of a crowded afternoon, this preparation will always be slighted. 
One who is called upon for such examinations should do routine 
ofBce work in a room that is as dimly lighted as possible. Direct 
sunshine should be particularly avoided. The wearing of tinted 
glasses will not interfere with ordinary work and it will be found 
that after hanng worn them, very satisfactory accommodation 
may be acquired in a few minutes in the dark room. The color is 
not particularly important, although reddish or orange tints give 
a slightly greater sensitivity to the greeni'^h fluorescent screen. 

Tests for adequate accommodation are: 

1. The recognition of objects under the red light in dimly illu- 
minated comers of the fluoroscopic room. 

2. \ isualization of the dial of a luminous watch in the dark. 

3. The color of the fluorescent screen. 

^Tien accommodation is incomplete, it will be found that the 
screen shows a greenish hue in areas where the light strikes it 
without going through the patient. This color is replaced by a 
bluish-white light when dilatation of the pupil has occurred. 

Secondary Ccweat.— Under no condition, should more than 5 
milliamperes be used on the fluoroscopic tube, and then, only for 
unusually heavy subjects. The onlinary current for routine work 
should not exceed 3 milliamperes. 

Diaphragms are usually controlled from the side of the screen, 
and permit of any rectangular pattern. 
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In view of the great increase in secondary radiation when the 
shutters are wide open, the luminous area on the screen should 
al^vays be kept as small as possible. It should not, under any cir- 
cumstances, be permitted to approach closer than 2 inch to the 
margin of the screen. In the study of the stomach, a square, 4 
inches in diameter, is ample For the esophagus, a long vertical 
slit is best, and i^hen watdiing the diaphragm, a narrow transverse 
band of light. 

An additional advantage in the use of minimal areas is the 
brightening of the image which occurs — the narrower the beam of 
the roentgen-rays, the fewer scattered raj’s are prod»ce<J to cloud 
and diminish the real image. 

^Mien the screen is move<l away from the patient toward the 
operator, the image is magnified and l>eeomes less intense, hut the 
contrast is increased due to loss of the effects of secondary and 
scattereci rays. This is often a useful maneuver in the observation 
of outlines which are somewhat indistinct in (he routine e^mina- 
tion. .'^n adaptation of the Bucky princijde is favored l)y many 
workers. It gives incrca«e<l contrast and when properly adjusted 
the grids are not visible. 

Rapidity of Work.— The beginner in lluoroscopy always works 
with too large sliuttcr ojicnings, and continues examinations an 
unnecessarily long time. lie should constantly strive to keep his 
luminous area small and particubrjy to speed up his observations. 
A few seconds inspection will usually give all the information to be 
acqiiiretl from the screen In the ob•^ervation of continuous 
processes such ns digestion, the light does not neetl to remain on 
during the complete examination. Short, repeated ob»er%ation3, 
with inten-als during which slowlj.* progressive mo^-ciiicnts may 
occur, or during which the patient may be i)alpatod or changed in 
position, will give the same infonnation ns continued oWervation. 

FRACTURES. 

The fluoroscopc is again comiog into use for tiie observation of 
fractures, i>articularly in tlieir manipulation previous to rix.ation. 

In the primary diagnosis, the screen is not to be relied upon since 
wcU-dcfincil breaks in bones may he overlooked if there is no dfs- 
placrmeut.or if the plane of fracture makes anangle with the central 
rays. nonc\cr, once tlie presence and chameter of the injurj' has 
l)ern establidiwl by films, the screen is of great help in determining 
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what maneu^e^s gi'e the best position. Prolonged observations 
are not necessary. 

If an anesthetic is used for tbe reduction, care should be taken 
that the room is well ventilated during the procedure; and if ethei 
is used, that there is no possibility of sparks occurring in the room, 
particularly below the le>el of the table. 

Tlie use of apparatus not designed especially for fluoroscopic 
work increases the hazanl both to the patient and to the operator. 
The shock-proof tjpe of bedside apparatus is especially dangerous 
in untrain^ hands, as it permits a verj* close approach to the 
source of the roentgen rays. 

FOBEIGN BODIES. 

It is important to realize that many foreign bodies do not show on 
the screen- Jlaterials such as wood and glass may be missed even 
in thin masses of tissue such as a finger. MetalUc objects will 
show if of sufficiently large size. Fine fragments, pins and needles 
are usually not visible H they are located in tissues more than 1 inch 
in thickne&s. 

For tbe localization of foreign bodies, simple methods are the 
best. Four methods which proved satisfactory in military service 
will be described. In the first three, the patient should be placed 
in the same position in which be will lie on the operating table 
while the foreign body is being searclied for. 

The first and simplest method consists of e.vploring the patient 
systematically from head to foot with a fairly wide diaphragm open- 
ing, closing the shutters down upon suspicious shadows until the 
foreign body is located. Upon its identification, tlie luminous area 
is restricted to tbe smallest possible square above it, and a mark is 
placed upon tlie skin directly in line with the shadow of the object- 
The patient is then rotated as nearly as possible at right angles to 
the first position, and a similar mark placed upon whichever side 
is nearest the object. This gives tlie surgeon two landmarks at 
right angles to each other, from mhicb to work. 

The second, and perhaps the best, method for extremities is to 
proceed as in the first method and place the first mark. Then, 
beginning near tlie screen, intermittent pressure is made upon the 
skin lateral to the foreign body w ith an opaque tipped rod, gradually 
shifting the point of contact away from the screen until the foreign 
body shows its greatest excursion. A mark made at this point 
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n here the mo\ ement of the foreign body most nearly corresponds 
to the movement of the paipating rod irill be found to correspond 
surprisingly well with the second and lateral mark in the first 
method. It is also possible to estimate accurately by this pro- 
cedure, the distance of the foreign body beneath the second mark. 

The third method requires some adjustment of the tube and shut- 
ters, and is only useful when one expects to do a certain amount of 
foreign body work, and is willingto take the necessary trotiblc to 
prepare for it. The shutters controlling the lateral margins of the 
field are opened partially.and those which control the vertical extent 
of the luminous area are opened to the limit of their motion. This 
produces a vertical band of light upon the screen. The distance 
between the margins of the vertical shutters upon the tube box is 
now measured, and the position of the tube so adjusted that the 
target lies beneath the plane of the shtitters a distance equal to the 
opening between them, and as nearly as possible midway between 
them. The screen must be detached from the tube nnd remain 
stationary upon the patient. The use of this method is extremely 
simple. First, the position of the foreign body is centcrctl and 
marked upon the skin as in the other methods; the vertical shutters 
arc opened to their widest extent, and the lateral shutters adjusted 
to give ft \crtioal band of light 1 or 2 inches wide. The tube is 
shifted along the vertical axis of the patient until the extreme end 
of the lighted area bisects the foreign body. The position of its 
image is marked upon the screen at this potnL Without disturbing 
the screen or the patient, tlie tube is shifted in the opjxjsite direction 
until the tip of the luminous oblong again bisects the foreign body. 
A mark is placed at this point on the screen. The distance between 
these two m.arks is the depth of the foreign Ixxly bcnc-ith the 
screen. If the screen lies in direct contact with the skin, it will 
be the tlistajice bcnc.itli the skin- Otherwise, a cf^rrcction mUAt Ixi 
made for the screcn-skin distance. 

So far, one skin point and tlicdrptli beneath it h.avc l»een rccordcib 
It hs a simple matter to rotstc the patient to any df^irtvl po-.itian 
and rciwat the pnxxrss and, so secure several sUn imarks with their 
corresponding depths. This lucthwl is particularly useful for the 
localization of op.ique objects in the skull ninl trunk. 

The fourth, by far the inftot satishictory procetlurc. is the ojwrativc 
removal of foreign Ixxlies under fluoroscopic control. The oi>eration 
is done upon the horirontal fliinro>cope. A white light cruibles the 
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necessary preliminaiy arrangements to be made, after which it is 
turned out, and the remainder of the work done under the red 
fluoroscopic light assisted, perhaps, by a small electric lamp attached 
to the surgeon’s head, or carried by a nurse. After the incision has 
been made in the most favorable poation near the foreign body, a 
clamp or pair of forceps is introduced and manipulated under the 
fluoroscope until it is seen to he in proxinilty to the shadow of the 
foreign bodj . The tip of the clamp is then moved slightly from 
side to side. If the shadow moves with it, the clamp is then close 
to the position of the foreign body and should be attached to the 
tissues at this jwint. Careful dissection in tliis region will usually 
bring one shortly to the desired object, although small foreign 
bodies may be so surrounded by soft tissue as to be unrecognizable 
w hen they are actuaJh' in the grip of the instrument. 

If the shadow does not mo\e witli the clamp, the tip of the latter 
should be raised to the surface of the wound, then gradually de- 
pressed, at the same time being mo^ed from side to side until the 
lateral movement of the sha<low of the bod\’ corresponds to that 
of the instrument Rotation of the patient to the side may be of 
assbtance. It ma\ be necessarj* to deepen the incldon in order to 
allow the instrument to come in contact with the foreign body. A 
variant of this procedure, useful in small foreign Ixidies in the hand, 
is to introduce two needles at right angles to each other, which are 
made to touch the body under fluoroscopic obsenation. Then 
under ordinary light the surgeon works down to their intersection. 

Skin Marks.— Skin marks are best made with wav pencils or ink, 
and after the white light is turned on, a stick of silver nitrate 
should retrace the marks. If a drop of developer is then placed 
upon the spot, the mark will become relatively permaneut- 

In localization where the skin is loose. sJdn marks, of course, may 
shift considerable distances from their normal relation to the 
foreign body, and once an incision has been made, the surgeon loses 
track of his landmark to a large extent; so that all skin marks are, 
at the best, approximate guides only. 


Examination of the chest is best conducted with the patient 
upright on the fluoroscope. It may occasionally be necessary to 
\ lew an indiv idual In the prone or supine position where pericardial 
or pleural effusion is present, or when is too weak to stand. One 
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advantage of the tilting screen is the ability to place a sick patient 
upon it horizontally and slowly elevate the head until he is pme- 
tfcaJlj- In the erect position. 

All clothing above the naist should be removed. The patient 
should face the operator, and should breathe in and out sIo\y]y and 
<juietly. 

The examination is preferably conducted in a routine manner. 
One soon falls into the habit of looking at the patient in a definite 
sequence and the possibility of overlooking some detail is avoided. 

A general survey of the entire chest is made with a fairly wide 
diaphragm, care being taken to look for calcified masses in the neck 
(glands or tlijToid), contraction or clouding of the apices, areas of 
increased or decreaserl density in tlic lung, movement of the dia- 
phragm, and general size of the heart and aorta. 

The shutters are rmir part/aW.** Wos«h a/jrl the a/dccs evamin«l 
one at a time and compared for radiability, expansion, and (most 
Important of all) expansion and lighting vip upon cough. To prop- 
erly bring this out, tlie patient’s hca<I is rotateil over one shotildcr, 
(the left for example) in order to draw the sternocleidomastoid 
clear of the right ajiex. lie is instructoil to cough vigorously and 
the right apev is carefully watched. If it is normal, It nil! I>e seen 
to expand slightly but definitely, and tobecomcmouicntarily brighter 
than before. The same ol>scrvation should he repeated upon the 
left apex, with the head over the right shoulder and the rv'suUing 
expansion compared with that of the right ThU expansion and 
increased radiability of an apex upon tough is a valuable liit of 
evidence, as failure to expand is <luc either (o active lung disease or 
thickened pleura. Xorinally the left apex e.xparids somewhat less 
than the right 

The remainder of the lung fields, jiarticularly the region of the 
interlobar septa, should next l»e carefully studied, and t)ie two 
sides compared. 

The movement of the diaphragm may hdv\- be invcstigatcil. It 
should move equally on llie two skies, and there should l>c no lag 
of one half Ijchind the other, eitlier wholly or in part. Movability 
of the diaphragm is licst brought out by normal respiration, os 
the cxaggcratcil movements of deep breathing may mask .slight 
inequalities. 

Next, the costo-]>hrcnic angle on Imth sides should lie ol>«erved 
to determine whether or not the diaphragm peels away freely from 
the parietal pleura under the de-^wlmgeilge of the hmg. or whether 



344 


FLUOROSCOPIC TECHNIC 


the angle is obliterated by fluid or adhesions. Deep respiration 
should be employed for this purpose. 

The central shadow should now be gone over from below upward, 
looking firstat the heart, u Hh aoopening just large enough to include 
the entire organ. One should observe the size, shape, amplitude, 
regularity, and, as far as possible, sequence of pulsation in the 
different chambers. 

The ascending, descending and transverse portions of the aorta 
are next imestigated, noting size, position, and amplitude of 
pulsation. 

Finally, the superior mediastinum is covered to rule out shadows 
which might be due to tbvToid, th^Tnus, dilated bloodvessels, or a 
new growth. 

The patient should now be rotated about CO degrees to the left, 
bringing the right shoulder forward against the screen, and note 
made of the diameter of the ascending and transverse portions of 
the aorta. The patient is requested to take a deep breath, and 
Uie posterior mediastinum, the thickness and position of tlie heart, 
the condition of the bases of both lungs and the costc^phrenic 
angles observed. The patient may now be rotated in the opposite 
direction with the left shoulder forward and tbe heart, aorta and 
bases of both lungs gone over. Finally, he should be turned with 
his hack to the evamiocr and another sur\’ey made of the apices, 
both before and after cough, of the lung fields and the costo-phrenic 
angles. Observation of the patient turned at right angles to the 
examiner is often useful. 

The description takes as long as the actual observation. If one 
will accustom himself to such a routine, the whole examination can 
be completed in a few minutes ami nothing will have been over- 
looked. 

In the study of cardiac cases, it may be found valuable to incline 
the patient to the right and to the left.to demonstrate displacement 
of the heart and to observe its movement upon deep inspiration in 
the transverse position. Tracings also may be made to shou’ its 
outline and position with reference to the chest wall and the dia- 
phragm during inspiration and expiration. Such tracings are best 
made upon a screen which is fix^ with reference to the patient 
and does not move wUh the tube. Patient and screen must remain 
stationary during the examination. The shutters are closed down 
to project a small illuminatw! area which is carried along the outlines 
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to be recorded. Dots are made upon the glass with a skin pencil 
at suitable intervals along this outline. These outlines can later 
be transferred to thin paper after the patient has been dismissed. 

GASTRO-INTESTINAL EXAMINATION. 

Either- single or double meals may be employed. Tiie double 
meal saves one visit and is the method usually employed in large 
clinics. Using this technic, the patient takes along with his ordinary 
breakfast, 1 ounce of barium sulphate stirred in water or milk. 
This drug shoidd always be specific*! as “C.P. for roentgen-rny use, 
to be taken internally/’ when orderetl on prescription; and better, 
dispense*! to the patient *lirectly from the physician’s office in order 
to avoid the unfortunate and even fatal accitlents wliich may arise 
from the use of soluble barium salts. 

The patient should report for obscjwation si^ hours after break- 
fast, ha^ing taken no food in the meantime, 11c is place*! in the 
standing position, a brief sujwey of the heart and Jungsjs made, 
abdomen searche*! for possible residue in the .stomach and the 
position of the sit-hour meal. A mouthful of a sticky barium sus- 
I>ensiori is administere*!, and the etamfner notes the tunnner in 
which the liquid outlines the esophagus a»id enters the stomaeii. 
Another swallow will l>c sufficient to outline the mucosa! pattern 
in the stomach, which is carefully stmlle*! under palpation for 
deformities or xilcer nichci. A portion of the inivturc may be 
pr*ssed through the jiylonis to outline the first portion of the thto- 
denmn. Sjwt films may Iw taken of any interesting areas. Then the 
stomacliisfille*! withOtoSoimtxsof tlicstamlanl barium meal and a 
careful search fs made with a small tiiaphragm opening for tlefccts 
in outline in lioth antero|>o»tcrior aixl three-quarter oblique posi- 
tions. The patient is then placol horiiimtally upon his hack, the 
canliac en<l of the stomach carefully pone ONTr, and the ili'um, cecum 
an*i apiwndix palp.atcil t*> «fctcnmnc their mobility, sep.'irabilily, 
and the location of any fen*/er ixants. Tlio patient is ne.xt tiimesf 
face dowuwanl aiuf the ri*gion of the fsoph.agus mve-'(igatc?d for 
evidence *)f regurgitation through the cardla. 

Tiie outline of the sHwnaih is csirefully c.xamine<f for <leffct'*, and 
the ])rogrt>-s and character of the peristaltic w aves studie«f on f>oth 
<.nr\-aturi*s. If the pj loric region and ihiodcniim are well outline*!, 
their l>cIui\Ior is *)b'<‘rve<I. Often it x*ill Iw nccevsnry to t-Ieea»fc 
the patient's left ride so ns to rotate the s(*imacli clear of the diuv 
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demioi which will then lie between the stomach and vertebrm. 
The anterior and posterior margins of the gastric shadow are easily 
observed in this position, and the pylorus and duodenum are well 
seen in profile. 

The examination should be continued until the e.'iaminer is 
satisfied as to whether or not there are defects in gastric or duodenal 
outline or peristalsis. The relation of any unusual masses of opaque 
material to the stomach and duodenum should be detennined by 
rotating the patient, or by further obseiwations. Thoroughness 
is csiential. If there is the least doubt in the e^miner's mind 
regarding the findings, the examination should be repeated- Films 
should always be secured, if possible, tocheck the screen findings and 
for a permanent record. 

In cases of suspected Ileocecal disease, a nine-hour observation 
should be made. This can be accomplished by postponing the 
obserxation of the stomach until the nine-hour interval has elapsed, 
or by a nine-hour meal given on a subsequent date. The patient 
should be allowed to eat hts usual meals during the nine-hour period. 
The questions to be detennined at this examination are presence of 
a residue in the ileum, vbibility of the appendix, mobility of cecum 
and appendix, and location of tender points. 

The ne.\t observation should be twenty-four hours after the first. 
This often gives x'aluable information corroborative of that obtained 
at the_ first obserx-ation and should not be omitted. The position 
©f the meal, and the mobility, position and tone of the colon are 
investigated. 

To complete the emmination, an enema should be gix’en for 
which the patient should be prepared by a tJiorough emptying of 
the colon. The same barium malted milk mi.xture used for the 
meal b employed, slightly warmed. The tube is inserted with the 
patient Ij ing on lus side. He is turned on his face and the enema 
allowed to flow in from a vessel two to three feet above him. The 
progress of the fluid is c.arefully watched, and when it reaches the tip 
of the cecum, the tube may be remo\-ed. Tlie po=:itions of the 
peUic loop at the beginning, and after complete distention, are 
noted. Overlapping shadows and loops are separated as well as 
possible by rotating the patient to one side or the other, or by pal- 
pation. Defects, dilatation and diverticula are searclied for, 
and the competence of the ileocecal vaK'e noted. Occasionally, 
the appendix will fill by enema wlien it has failed to show 
with the meal. It should alwaj's be lookeil for when the cecum 
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15 palpated. Ree-xamination after e^'acuation of the eaema may 
help to corroborate previous findings, and should be done as a 
routine. In some cases inflation with air after c5acuation of tlie 
barium will prove helpful. Xo roentgen examination of the gastro- 
intestinal tract should be considere<l complete until an observation 
is made immediately, six hours, and txventy-four hours after taking 
the barium meal; and until a barium enema has been giv cn. Several 
films should be taken to check the fluoroscopic fintlings and for 
purposes of record. An\ thing less is unfair to the patient, to the 
physician, and to roentgenology. The more one sees of this work, 
the more he will realbe that accurate results can only be obtained 
by painstaking observations, rcpeatetl several times if neccs’=arj'. 
The accuracy of the method w ill \arj' directly w hh the care ami time 
spent upon it. 

In conclusion, it must be poinferj out that the possei>slon of a 
fluoroscopc does not make a roentgenologist. Careful preparation 
for this work is as essential os it is in any laboratory branch, of 
nietUcine. It is a field of its own which cannot be mastered in a 
few weeks. Sustained enthusmm, experience and careful work 
are the essentials of success. 
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ot pleura, 21 kJ 
of skull, 125 

f.wnTtc. f'.vcwflf, iW. -3W 
Kpijiln-scs, calciricstion of, 30 i 

of spine, 153 

separation of, 56 
toWrculosis of, <12 

UnKin of, SWtfi „ 

Erjthrotlaftie anemia of skull, 1-5 
E«i>phaciJS pjiremoma of, 2,2 
cmstnciion of. 271 
dilated Mitiulafing mediastinal 

tumor or effusion, JJii 


raLLorisN tubes. 330 
remiir, dislocation of head of, 50 
fracture of, 59 

Fetus, table of appearance time of 
centers of ossification in, 30 
Fibrocellafar earconia, 35 
Fibroids, calcification of, 330 
Fitirocna of bone &i 
Fibrosarcoma of mediaslimim, 199 
Films, defective, errors due to, 21 
riiioroscopc, 33b 

Fluoroscopic rooiii, eiiuipment of, 330 
technic, 33 ( 

fluoroscopy, accommod.sfion ot ejes 
in. 333 

diaphragms, control of, in, 333 
examination of chest by, tt(2 
of colon by, .312 
of gastro-intoslinal tract b%, 
315 

of heart and pmt \t~sel< bv, 
3 13 

foreign Ixidie*, locnhistion of, by, 
310 

ob»crvnf ion of tnctiirr* bv. 339 
Foreign todies in bronchus, 213 
in alomseh. 2S{ 
focatiisfion of, liy fluoroscopy, 
310 

removal of.vinder flimr«>seo|nc 
Control, 311 
Fracture, Colics' tl 
Itlfa. 47 

Fractures, diagniwU of, 3S 

fluon»«'x>py in oliscrvafion of, 339 
linen, cpipli.\!«esl, inist.iken for, ]6 
lines of, idcnlification of, IG 
obliteration of, 3S 39 
ofc3n>iw, -13 
of rostaj rartilarr, -13 
of cHiow, 45 
of hfp, 49 
of knee. 47 
ofpsteila, H 
ofpeIvT. 42 
of nlw, 43 
of slioultlcT, 40 
of single 29 

nr«UI{.4I. 121 
of acaphoid, 41 
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Fractures of tarsus, 46 

of tran3\erse processes of \erte- 
br®, 165 

of \erlebtal bodies, 1&4 
reduction of, 39 
union of, 3S 
Fraplitas osiium, 106 
Fusion of bones, 29 
of lertebra', IGO 


G 

GALn-BUDDCR, examination of, 305 
Gall-stones, 305 
Gangrene of lung, 245 
Gastro'entcrostomv, stomach after, 
2S5 

Gastro-intestinal tract, examination 
of, 2G5, 345 

Gastro-jejunal ulcer, 2S5 
Genitals, female, 330 
Geoito-unnarv tract, eraminatwa of, 
311 

Giant<eI1 tumors, 7S 
of jav, 14S 

Gland, pine^, caleiEcation of, 135 
prostate calculi in, 330 
thymus, enlargement of, 104 
th>Toid, intrathoracic, 194. 196 
Glands, abdominal, catciScatioaof, 18, 
314 

bronchial, ralcificatioa of, 232 
mediastinal, enlargement of. 195, 
224 

of chest, calcification of, 232 
enlargement of, 195 
Gto^es, lead, 

Gonorrheal arthritis, 1S5 
Gout, 183 

Graham method of visualizing gall- 
bladder, 303 

Granuloma inguinale of colon, 304 
Gumma, destruction of bone due to, 70 
of septum, 140 
of skull, 70 

H 


Heart, disease of, arfenosclerotic, 216 
I calcification m coronary 

arteries, 216 

in heart valves and mixi- 
cardium, 210 
congenital, 211 
hypertensive, 217 
of infectious orlpn, 214 
theumatvc, 214 
gj^philitic, 216 
valvular, 215 
examination of, 199, 201 
Hodges-Eystcr table of heart size 
20S 

ID pericardial effusion, 217 
measurements of, Clayton and 
Memll's table of, 207, 20S 
mj-x^ema heart, 217 
Dormaf, 204 

Palmien’s representation of, 205 
pulsations of, 210 
rheumatic v ahotlar disease of, 215 
eabot shaped, 210 
transposition of, 213 
Heart-block, 217 
llemaoeioma, 175 
Hemophilia, 112, 1S9 
Hip. dislocation of, 56 
congenital, 57 
fracture of, 49 

Hodgbn's disease, 95. 173, 109 
Uors^oe kidney, 318 
Hjdrocepbaliu. J2S 
Jljpemephroma. 93 
of spine, 17C 
Hjdronephrosis, 319 
Hv-perostosis of skmU, 123 
Uj-perparatlij-roid, 103 
Hyperpituitarism, 102 
Hypertrophic artlintis, ISl 
of spine, 170 

pulmonary osteo^irthropafhy, 110 
pylonc stenosis. 2SG 
Hypoparathyroid, 104 
Hypopituitansm, 102 
IIvpolbyioidLsm, union of epiphvses in, 
'102 


Hair-b «xs in stomach, 2S-1 
Half-bodies, extra vertebral, 160 
Heart, absence of pulsation in coronary 
occlusion, 210 I 

aortic sliap^, 210 
auneular fibnllation of, 217 
changes in outline of, 210 
in position of, 209 
in shape of, 209 
in Eire of. 209 
defects of septum, 212 
disease of, 210 

ancurj-sru of, 217 


iLEms, regional, 293 

tuberculosis, 293 
neum, 291 

imalysis of. 292 
fliuiD, actinomj'cosis of, 73 
Impacted teeth, 145 
Infarcts, calcification of, 20 
pulmonary, 255 
Infectious artlintix, 1S3 
Intestinal obstruction, 292, 301 
Intussuseeption, 206 

lodids, 22 

Iodized oil, use of, 330 
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J ! 

J \w, actmomj'cosis of, 73 

ej-sts »n, 140 [ 

osteotnjelilis Jue to phosphorus i 

poisoning, 74 j 

radiation nccrosu in, 74 1 

tumors of, I4S | 

Jejunum, 291 

Joints, artlmtisof, 181 | 

Chareot, IW 1 

dassihcatiQQ of diseases of, 181 
hemophilia of, 1S9 
o«teochondnti3 disseeans, 1S9 
osteochondromatosis of, 191 
Still’s disease, ISS 
BirohiUa of, IbS 
tuberculosis of, 63, 1S6 


Kioket, anomalies of, SIS 
chaoses in deoaitv of, 313 
cj-sts of, 324 
horseshoe, 318 
normal, 311 
pelm, 313 

dilatation of, 319 
papillomata of, 333 
stones in, 313 
tumors of. 332 
polyci 324 
pyelography, 315 
pyronephrosu 320 
solitary cyst of, 334 
stones ID, 313 
tuberculosis of, 320 
tumors of, 320 
l^’enboek's disease, 115 
Knee, artbntis of, 181 

gonorrheal, 185 
nlloua, 189 
Kohler’s disease, 115 
Kummel’s disease, 177 


Lead aprons. 33S 
gloies, 338 
poisonitjg, 102 
Legg's disease, 114 
Leontiasis ossen, 124 
Leprosy, 73 
Leukemia, 96 

Ligaments of knee joint, injury to, I8I 
Lines, epiphyseal, mistaken for frac- 
tures, 36 

L’mitU plastica, 283 
Lipomata, 197 
Liier, 304 


Loliar pneumonia, 237 
I.ung, abscess of, 239 

fiwessofy lobes in, 229 
actinomycosis of, 252 
atelectasis, 25-1 
carcinoma of, 246 
congenital cysts of, 229, 259 
dermoid cysts of, 
echinococcus cyst of, 249 
foreign bodies in, 243 
gangrene of, 245 
infarctR of, 255 
niassis e collapse of, 254 
normal, 228 
p«ittaeo«is of, 252 
radiation, fibrosis id, 252 
sarcoid in, 237 
silicosis, 252 
syphilis of, 248 
(uficrcidosis of, 232 
miliary, 235 
tumors of, 246 
Lyrnphoblastoma of stomach, 2S3 
Lymphoma, mabgnant, of bone, 05 
of medisstinum. 199 
of aertebrse, 175 
Lymphogranuloma inguinale of colon, 
301 

M 

MAt>ELC.sc'e deformity, 36 
Madura foot, 73 
Maligaant lyTspboma, 95 

lD\olnng %erfebr», 175 
marble bones, 111 
Jfane-6’(nimpe/ fypeofarthntts, 174 
Ma3si\e collapse of lung, 254 
Mastoiditis, 140 
Mastoid?, 140 
Meckel’s dixerticulum, 294 
Mediastinal abscess, 224 
glands, 193, 224 

enlargement of, 195, 224 
Mediastinitis, 224 

atypical cases of, 223 
ditlereatial diagnosis of, 225 
Mediastinum, dermoid cystsof, 197,251 
tumors of, 196 
Melorheostoais, 1 12 
Meniogiona of spinal cord, 179, 197 
MeUllie salts, 22 
Metastatic rarrinoma, in bone, 90 
m lungs, 246 

3W«ry tuberculosis of lungs, 235 
5Ioogoliaa idiots, anomalies of bone 
IQ. 29 

Mucoceles, 139 

Multiple cartilaginous exostoses, 77 
Mydoma, 93 

Myocardium, calcification of, 210 
Myositis ossificans, 193 
Slyzocia, 84 
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Ner' e lesions, changes associated wrth, 

166 

Neuttil arch. 153 

fracture of, 164 

erroneous diagnosis of. 
153 

euroblastoma, 96 
of skull, 124 
of spinal cord, 179 
N'on-union of fracture, 39 
Nucleus pulposus, 1S7 


Objects, distortion of, 13 

MSibility of, dependent on differ- 
ence m density, 13 
Odontoma, 14S 
Os calcis, fracture of, 46 

osteochondropathy of epiphy- 
sis of, 115 

Osgood-Schlatter’s disease, 57 
Ossification of epiphyses, 33, 34 

tables of appearance of centers of. 
30, 31 

O'teitis deformans, lOS 
of skull, 123 
fibrosa, 33 

Osteo-artLrepithy, hypertrophic pul* 
monary, 110 
OatxichondntK, 112 
cLssesm*. 1S9 
of spine, 177 

O'teocbondrodystrophy, 105 
Osteochondroma, 77 
0>teochoodromato<L«, 191 
Oi.tcogene8i8 imperfetta, 108 
Osteogenic sarcoma, &4 
O'teoma, 78 
Osteomilaciv 107 

Osteomyelitis, 59 

caused by actinomycosis, 73 
of jaw, US 
of sk-ull. 122 
of spine, 170 
Osteopoikno«i8, 112 
Osteoporosis, 115 
Osteopsathyrosis, 106 
Oateos'lerosis, 111 
Ovane«. calcification of, 330 
Ocvcephaly, 127 

P 

Pacett's disease, 108 
Palmieri'a method of outlining heart 
205 

Papilloma of gall bladder, SOS 
of renal peMs, 323 
Patella cubiti, M 
fracture of, 4S 

Patent ductus artenosus, 211 
urachus, 330 


PelsTS, fracture of, 42 

osteitis deformans of, 109 
Perfomting ulcer of stomach, 282 
Pencardial effusion, 217 

differential diagnosis in, 219 
PencarditLS, adhesiae, 219 
Pericardium, calcification of, 220 
Periosteal new-bone formation. 59 
Periostitis, 17, (36 
creeping, 124 
syphilitic, 00 

Peristalsis, gastnc, 274, 277 
Penvertebri abscess, 167, 171 
Pertlies* disease, 115 
Petrositis, 142 
Phleboliths, IS 

mistaken for urethral calculi, 32S 
Phosphorus poironing, 74 
Pineal gland, calcification of, 135 
Pleura, adhesions of, 256 
calcification of, 263 
endothelioma of. 263 
Pleural effusion, 25S 
Pneumonia, 237 
broncho, 237 
lobar, 237 

PneumoDoconiosis, 252 
Pneuffiopentoneum, 309 
spontaneous, 2?2 
Pneuffiothorns, 262 
Polyxystic kidney. 324 
Polypi of colon, 303 
of gastnc nail, 2S3 
, of sinuses, 139 

Poll’s fracture, 47 

Pregnancy, use of roentgenology in, 331 
I Prostate gland, calculi in, 330 
' enlargement of, 330 

[ Psittacosis, 232 

Pulmoujryosteo-arthropathy, 110 
Pulp stones, 143 
Pyefograpby, intraienous, 316 
I retrograde, 315 

Pylorus, hyjiertrophic stenosis of, 2SC 
' spasm of, 278, 287 

I Pyonephrosis, 320 
I Pyorrhea, 144 
I B 

Radiatiov, effects of oicr-ctposure to, 
1 335 

fibrosis in lung, 263 
I necro«is m jaw, 74 

Radicular pom from spinal arthritis, 
‘ 173 

! Raynaud's disease, bone changes in 


117 

Rectum, 304 
Renal nekets, 101 
Retropentoneal cysts, SC's 
Ribs, actinomycosis of, 73 
anomalies of, 23 
fractures of, 43 
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Riclets, 100 

RoentRcn-ray injunw, 335 
Root rj-sfs of lau, l-i6 


S 

S^CRtuzATiov, jwrtial. IW) 
i^aero-iliac jomtu, di^lor.ition of, 107 
ontcocliruiiJntia of, Ift* 
tlipi, IGO 

Saliiflrv rali'iiJi, l IS 
^arcoKjof lung, 2.17 
fNirfouii of Ixitie, S-1 
of j»\\, 14S 
osteogenic, 81 
SeapfioiJ, ilisidcd. -'Q 
fracture of, 27 
hcrul, 127 

Scapula, elevation of, congenital, 25 
J^lcroilcrma, l>one cliangcs in, J17 
calciricfttion in soft tissues, 193 
SclcrosinR ©■'teogeme sarcoma, 8ft 
Scoliosis, 107 
Scorbutus, 93 
5^IIa. 13> 

Semilunar Iwne, dislocation of, 55, 56 
Feinina] lesirles, 330 
Senile atrophy of Ixmc, 115 
Septum, Rutnma of, HO 
Sesamoids, divided, 20 
Shoulder, carica siecn of, 05, 187 
clfsIocadoR cf. 5-1 
(meturo of, 40 
Sdtcosiii, 353 
Sinuses, I3fl 

projections necessary for proper 
study of, 137 
Skin, fibroma of, 22 
Skull, nnomalKNof, 25, 127 
calcification within, 135 
carcinoma of, 90 

changes in, due to anemia, 9S, 125 
chloroma of, 95, 125 
endotficfionu of, 125 
fracture of, 121 
giimniA of, 133 
hydrocephalus, 12S 
hj-perostosia of, 123 
malignancy of, 124 
myeloma of, 91 

osieitia rlefflWTMM of, JfX}, 335 
osteomyelitis of, 122 
sutures of, 127 
Small pox in liones, 73 
Solitary cyst of kidney, 324 
Spasm of canlia, 209 
of colon, 297 
of duodenum, 288 
of esophagus, 272 
Spastic constipation, 298 
Spina bifida, 159 
Spinal eord, tumors of, 178 


Spine, acute injuries to supporting soft 
tissues alKiiit, 103 
rtftfirrfrtof, fTf?, ITI 
articulations of, 157 
fon/rcnjfnl abnormality cf, 159 
development of. 153 

lariafions m, 151, 159 
discs of, 155 
epiphyses of, 153 
fractures of, Iftl 

of transverse processes, 10.5 
hypertrophic arthritis of, 170 
lines of eleavsge in, 153 
hiinlto-sicral, variation in, 1.50, 159 
nonnal, 150 
nucleus pul]K>&us, 157 
osteochondritis of, 177 
ostconijelitis of, 170 
sfnnous firoccstcs, 15S 
sfKUUivlohsthesis of, ICt, ICC 
syphilis of, 71, 1C9 
technic of cuinimstion of, 152 
transverse processes, 159 
' lnf>ercuIo«is of, G4, 167 

t tumors of, 176 

I typhoid, 73, 1C9 

I venations in, 169 

SpinoHsproceSi.es, 158 
, Spleen, 301 

ISpondylolislhesis, 161, ICC 
' Spontaneous fractures, 82, 90, tW, I6f, 
100,107,111 
Sprengcl’s deformity, 25 
Sprue, 291 
Steatorrhea, 291 
Still's disease, 188 
Stomach, carcinoma of, 278 

diapiiragrnalic hernia of, 284 
diverticula of, 281 
examination of, fluoroscopic, 2C5, 

3 >5 

foreign bodies m, 283 

hiatus hernia of, 284 ' 

leather-bottle (linitis plaslica), 283 

nwfdif r of, 278 

penstal'is of, 274 

polypi of, 281 

postoperative (following gastro* 
enterostomy), 285 
ruga; of, 274 

shape and position of, 272 
syjwihs t>f, 3S3 
ulcers of, 281 

carcmonintous, 279 
Stones in bladder, 328 
HI gall bladder, 305 
in kidney, 323 
in prostate, 330 
in ureter, 327 

Stricture, bciiign, of esophagus, 271 
Subebondral necrosis, ll2 
Subdiaphragmatic abscess, 228 
Sub^emal thyroid, 194-190 
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Sutures of skull, closure of, 127 
SjTlOVltlS, 181 
Sj-philis, of bone, CS 
of heart, 216 
of joints, 71, ISS 
of lung, 24S 
of skull. 70, 123 
of spine, 70, 169 
of stomach, 2S3 
Syphilitic aortitis, 222 
daetyhtis, 65 
periostitis, 17, 66, 124 


T\ble of (lentition (Thoina), 143 
of o«si6catiQn centers, 30-34 
Tabulation of findings in common bone 
lesions for differential diagnosis, 118 
Tarsal bones, anomalies of, IK 
fractures of, 46 
Teeth. 143 

in dermoid c^-ste, 21 
Telangiectatic osteogenic earcoma, S6 j 
Tendon*, calcification of, 191 
Thoracic m all. pathologic processes, 194 . 
Thymus gland, enlargra, 191 
ThjTOid gland, calcification of, 20 

intrathoracic, 191 I 

Tibial tubercle, separation of, 67 I 

Transposition of nscera, 213, 297 j 

Transierse proce&es of t-ertebrm, 159 I 
fracture of, 163 

Tngonuiu, 28 

Trophic changes m bone, 116 
Tuberculosa simples cjstica, &1 
milian*. 233 

Tuberculosis of bone, 62 
of cecum, 296 
of joints, 63, 186 
of kidnej , 320 
of lungs, 232 

of sncro-iliac j'omts, 04, 16S 
of spine, 04, 1C7 
of ureter, 320 

Tumors, calcification of, 19 

of bladder, 330 , 

of hone, 75 i 

benign, 76 ! 

malignant, S4 ! 

of brain, 128 

encephalography in, 131 [ 

displacement of ptneal. 

gland. 130, 135 
of esophagus, 272 
of jaw, 14S 
of kidney, 321 
of lung, 246 
of mediastinum, 196 
of pleura, 203 
of sinuses, 130 
of spinil cord, 178 
of spine, 175 


Tumors of stomach, 27S 
Tlirtet head, 127 
Typhoid in bone. 72 
spine, 73, 169 


Ulceb, duodenal, 2SS 
gastro-jejunal, 291 
of stomach, 2S1 

carcinomatoua, 279 
Oceratitc, cohtis, 302 
L’nerupted teeth, 143 
Ureteral calculi, 327 

visibility of, 313 
Ureters, 325 

anomahes of, 326 
cystic, 32S 
examination of, 325 
multiple, stones in. 327 
tuberculosis of, 326 
Urethra, 330 
Uterus, 331 

V 

VAS.xxu^KdjfTerentiatedfromst'philitie 
disease. 216 
disease of heart, 213 
Variability m tune of appearance of 
ossification centers, 33 
Vanatioss, anatomical, 25 

in tune and seriuence of closure of 
sutures of skull, 127 
In union of ep^ph>•«e^ 33 
of carpus, 26 
of nbs, 25 
of scapula, 26 
of sk-Mil, 25. 12? 
of spine, 153, 159 
of tarsus, 2S 
Vas deferens, 330 
Veins, calcification of, IS 
Vertebra", actinomicosis of, 171 
extra, 153 
fractures of, 164 
Vertebral bodies, 154, 160 
extra, 153 
fractures of, 164 
osteochondropathy of, 171 
wedge-shaped, 155 
Villous arthritis, 181 
Volvulus, 304 

W 

I'Wahts, 22 
AVUm’s tumor, 332 
Wnst. aaomahes of, 20 
dislocations of, 54 
fractures of, 43. +4 


X.XXTMOU XTOSL*. 
Vaws, 73 



